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The latest development in Open Hearth Steel-making Practice 


YAY fe IL iL IMI /A IN 


Britain’s foremost builders of Steel-making Plant 
now offer the 


IASIAX Oxygen Steel-making Operation 


This new steel producing technique has been incorporated in the furnace illustrated. 
It was invented and developed by Appleby -Frodingham Steel Company, and has already 
produced over } million tons of ingots. A second unit has now been commissioned. 

Outputs have been greatly increased with an average of five thousand tons of steel 
per week. 

This Furnace has now 90% availability together with lower than normal refractory 
costs. 

As licensees we invite you to consult us for either converting existing plant or 
providing new furnaces incorporating the Ajax Oxygen Steel-making Operation. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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Do you really 


bother about 


low 
residuals? 


Some people do..... 


high duty applications. 
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WORKINGTON 


IRON AND STEEL COMPANY Workington + Cumberland 
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THERMAL INSULATION 
DATA with a DIFFERENCE 


‘Rule of Thumb” Tables have their 
obvious limitations. You often need to 
calculate heat losses, temperature gra- 
dients, economic thickness etc., where 
a departure from conventional stan- 
dards is indicated. This Manual gives 
you the Data you need—the Basic 
Formulae with examples, tables and 
graphs and the theoretical consider- 
ations involved. 

The Coupon entitles readers of Journal 
of the Iron and Steel Institute to a copy. 


To apply, please attach the coupon to 
your letter heading. 


CONTENTS 


Theoretical Considerations 
Conduction Through Solids 
Surface Heat Losses 
Heat Flow through Cylindrical Insulation 
Thermal Conductivity “k” 
Surface Factor “f” 
Convection 
Radiation 
Surface Temperature 
Temperature Gradients 
Condensation — Write for your 
Composite Insulation —— copy today 
Insulation Efficiency 
Economic Thicknesses 
Thermal Conductivity Graph 
Table of Surface area of insulation 
per Lineal Foot of Pipe 
Table of Steam Temperatures 
Pressures 
Log Tables 


INSULATION 


Regd. Trade Mark 


STILLITE PRODUCTS LTD COUPON for Stillite Technical Data Manual 


. iI, ondon, S.W.| Send to Stillite Products Ltd., 
15, Whiteha Londo S 15, Whitehall, London, S.W.|1. 
Telephone: Whitehall! 0922 6 


and at 231, St. Vincent St., NAME 


Glasgow, C.2 FIRM 
Telephone: Central 4292 ADDRESS 


JN. of IRON & STEEL 
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Thornton 


Engineers and Contractors 























We design and manufacture :— 

Equipment for Coke Ovens, Blast Furnaces 
and Open Hearth Plant. Rolling Mills for 
the Ferrous and Non-Ferrous Industries 
and Rolling Mill auxiliaries. Plate work. 
Bogies of all kinds for carrying light or 
heavy loads. General Engineering work 


of various kinds. 


Special 
Gear Box for 
Continuous 


Rolling Mill 


Gear Box for 


Continuous Rolling Mill 


We shall be glad to quote 
against your requirements and specifications 


B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 


—— 





August, 1959 








p------4------ 


geede=_ AT THIS DANGER MARK 
































For years now Shell Alvania greases have been a 
byword for stability in roller bearings. What is the 
secret? Lithium 12 hydroxy stearate, one of Shell’s 
prized patents. 

But stability is not enough. As new industrial 
techniques have been developed and new machines 
evolved, new problems have emerged with them 
and old problems have been intensified. Shell 
research teams at Thornton have made it their 
business to find the answers. 

First problem was the length of life of the grease 
charge at the higher running temperatures of some 
modern machines. Could this life be lengthened? 
Shell scientists, through new Shell Alvania, have 
given an emphatic answer — at 130°C., the danger 
mark where most greases fail quickly through 
dynamic oxidation, Shell Alvania will live three 
times as long. 

The second associated problem was the oxida- 
tion promoted by yellow metal cages. Could this 


The Research Story 


* In the Thornton Wet Bearing Rig Test, water was fed through a 
20 mm. bore bearing with a special demountable plastic cage (to 
simplify inspection) charged with the grease under examination to 
a weighed quantity rotating at 3,000 r.p.m. The rate of supply of 
water was one gallon per minute, the water running to waste. After 
5 hours’ operation the bearing was removed and stored horizontally 
half immersed in water for three days. Anti-corrosion merit ratings 
were given at the end of the test. High-quality greases without 
special protectives showed an average rating of 3 out of 10, while 


new Shell Alvania rated 10 out of 10. 
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TRIUMPHS OF SHELL RESEARCH 


~ for Shell Alvania 


be reduced? The answer, in Shell Alvania, is the 
virtual suppression of the effects of yellow metal. 

Problem three was corrosion caused by moisture. 
Could this be prevented? The answer was given 
in the Thornton Wet Bearing Rig Test*, where 
new Shell Alvania won an anti-corrosion rating 
of 10 out of 10. 

New Shell Alvania greases were put on the 
market in March, 1957, and already, as proof of 
their success, tens of thousands of new electric 
motors leave British makers’ works each week 
with Shell Alvania greases in their bearings. 

What is the moral of the Shell Alvania Story? 
That Shell research is supremely applicational. 
The centre at Thornton is always ready to work 
with even the most specialised sectors of industry 
to produce the right grease for the job. If you and 
your organisation have any major lubrication 
problems, it will pay you to get in touch with your 
local distributor of Shell Industrial Lubricants. 























ALVANIA GREASES 


another proof of Shell leadership in lubrication 
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HOLSET FLEXIOLE 
Rubber Block COUPLINGS 


for ROLLING MILL 
MAIN DRIVES and 
all AUXILIARIES 





Mill Motor Coupling 
up to 200 h.p. 


CHARACTERISTICS OF 
HOLSET COUPLINGS 


@ Can accommodate substantial angular and parallel 
misalignment. 


@ Absorb shocks and operate noiselessly 
under any conditions. 


@ With a multi-row arrangement of the blocks, Holset 
Flexible Couplings can have a small diameter 
and, therefore, a lower WR? value than any 
other torsionally resilient coupling. 


@ Do not create any end thrust on the bearings 
of the connected shafts. 


@ Provide electrical insulation between the 
driving and driven machines as there is 
no metal to metal contact. 


@ Do not require lubrication or maintenance of any kind. 


@ Installation of Holset Flexible Couplings is 
simplicity itself. As there are no spigots, 
removal of the bolts permits vertical lift 
of the driving and driven machines. 


@ The design is consistent throughout the range 
of standard sizes which extends to couplings 
with a torque capacity of 400 metre tons. 


we ATLA cncecnne co. v0. 


TURNBRIDGE HUDDERSFIELD. 
Telephone ; Huddersfield 7480 Telegrams: Holset, Huddersfield 





21,000 h.p. at 40 r.p.m. 





Main drive Coupling. 


CA385/ 
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“You know this job calls for a 


highly specialized steel” 


A job that calls for a special steel ? 
Then call in Willans, the specialists. 
With their air-melting electric furn- 
aces and modern high-vacuum melting 
equipment, they can produce up to 250 


tons of special quality steels per month, 


G. L. WILLAN LTD 


‘Then 
WILLANS 
are the 


people” 











including stainless and tool steels, 
and steels for nuclear energy equipment. 
All are made under strict standards 
of metallurgical control. For 


quick 
deliveries of all ‘specials’ in steels, 


call in Willans at once ! 


(Approved A.I.D.,D.1.Arm.A.R.B. ) 


Steel and Alloy Manufacturers 


SUSSEX STREET * SHEFFIELD 4 * TELEPHONE: 24211 
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FURNACES for Forging, ingot Heating, Plate es and Annealing 
LICENSEES AND BUILDERS OF: 
“OFU” SOAKING PITS AND CONTINUOUS SLAB REHEATING FURNACES 
THERMO PATENT CONTINUOUS FURNACES 
LOFTUS OPEN HEARTH FURNACES 
WILPUTTE COKE OVENS 


GIBBONS BROTHERS LIMITED P.o. BOX 19, DIBDALE, DUDLEY, WORCS. 
Telephone: DUDLEY 55/41 Telegrams : *‘*GIBBONS*’ DUDLEY 


LONDON OFFICE: 151-156 PALACE CHAMBERS, WESTMINSTER, S.W.1 © 
NORTH EASTERN OFFICE “CRANBOURNE” I55 YARM ROAD, EAGLESCLIFFE, NR. STOCKTON-ON-TEES 
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A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE 


‘Too much to read and too little time? The answer lies in 

THE NICKEL BULLETIN, proved friend of many a busy man over the 
past thirty-odd years. This invaluable monthly journal covers, 

in abstract form, new researc h, new processes, new 

materials in every industrial field. Its contents 

are drawn from learned societies’ and official 

publications and the technical press all 

over the world. Full details of original 


source are given. 


Save lime bj reading 


THE NICKEL BULLETIN \ 


ear h month 


Write now for a copy of THE NICKEL BULLETIN 
Please send me a specimen copy of your free publicat 

THE NICKEL BULLETIN 

NAMI 


b \ ADDRESS 


THE MOND NICKEL COMPANY LIMITED 
cRNA S/S TI THAMES HOUSE - MILLBANK + LONDON SWI 


TGA mPle 
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Wherever there is a call for C ON TR OL 





\ 





(Photo by courtesy of Stewarts & Lioyds Ltd) 
D U £ A ir can supply the answer 


Whether in Nuclear or Civil Engineering, in the Iron and \\ 


Steel Industries or in General Engineering .. . 1 \ 


THERE IS DUPAR AUTOMATIC CONTROL 
EQUIPMENT SUITABLE FOR YOUR REQUIREMENTS 


\| COMPLETE AUTOMATIC CONTROL SYSTEMS 


\| LIMIT SWITCHES - CONTACTORS - STARTERS 
\ 


COMPONENTS - ELECTROMAGNETIC BRAKES 
R DEWHURST & PARTNER LIMITED 
and at BIRMINGHAM - GLASGOW - GLOUCESTER : LEEDS - MANCHESTER © NEWCASTLE - NOTTINGHAM 


INVERNESS WORKS, HOUNSLOW, MIDDX. 


Telephone : Hounslow 0083 (8 lines) Telegrams : Dewhurst Hounslow 
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Johnson <> Matthey 


Electric Furnace 
Type K 25 B 








Control Unit 
Type C 8 


The advantages of the platinum-wound 
resistance furnace as a source of controlled 
high temperature are fully realised by the JMC 
Model K range of furnaces. A series of data 
sheets describing both furnaces and control 
units is available on request. 

Information regarding the properties of the 


platinum metals and their industrial 


applications is always available 


JOHNSON, MATTHEY & CO., LIMITED 73-83 HATTON GARDEN, LONDON E.C.!. 


Vittoria Street, Birmingham, |. Telephone: Central 8004 


LA.92 


August, 1959 





Telephone: Holborn 6989 


75-79 Eyre Street, Sheffield, |. Telephone: 292/2 














Extending the applications 
of ELECTRONICS 


. 
TU 


7 Pantwe X 1271452 





ovsu.me No & 








' optgrren Cl 





os 6. : 
through experience 


Machine-tool control Timers and relays 


Motor speed control 


Resistance welding control 
Magnetic amplifiers 


Voltage regulators 

Vibration measuring equipment Dynamic balancing equipment 
High-frequency induction heating Communication equipment 
equipment Photo-electric relays 
Infra-red relays and pyrometers Leak detectors 


Write for booklet, ‘Electronics in Industry’, to 





ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


ELECTRONIC APPARATUS DIVISION 


NEW PARKS, LEICESTER, ENGLAND 
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16th Century Print by Amman, depicting 
the craft of the ‘Thimble-maker .’ 


‘Every 
man 

to bis 
own 
trade — 


and 
our 


wdeis STEELY 


Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age... for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell and now we have been entrusted with the 
production of the plates for the nuclear power 
station reactor at Latina, Italy. 


Po a < 
‘aX \ oy 
Ss An interesting booklet **Steels for the Job’, just 





opyright, Radio Times Hulton Picture Library 










conse 


published by us, describes some of our newer products. 
We shall be delighted to send you a copy. 


qmrne, entsl: 


YOU SHOULD HAVE 


Our Technical and Research Department will also welcome 
THIS BOOK. 


enquiries from any whose problem is .. . STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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why 
ACHESON 


graphite 
electrodes 


we You Deoendable Sewice,/ 


‘Acheson ’’ Graphite Electrodes are manufactured from specially selected high grade 








raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum — 
LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
‘‘ Acheson ’’ Graphite Electrodes are made in the United Kingdom only by 


BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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When you order or enquire for carburizing 
boxes from Thompson L’Hospied you are not 
left in peace—unless you have given us full 
particulars of the conditions in which they are 
to be used. We produce all our Heat Resisting 
castings from exactly the right alloy, so that 
they'll do a fine job—and do it longer—in 
even the fiercest heat. 


Thompson 








That's where our long experience with 
the Furnace Industry benefits customers— 
they use us as an advice bureau—and we 
like it! Our cast Nickel Chrome carburizing 
boxes are in constant use in heat-treatment 
plants throughout the country 

Why not ask a representative to call 
on you? 


L,’"Hospied 


A Member of the Incandescent Group 


THOMPSON L’HOSPIED 


& 


co. LTD., 


STOURBRIDGE 





Important 


P.Wanelelpnerer-yeelsyeur 














The names of Df MAC, and ROM fare synonymous the world 
over with all that is best in electric melting equipment. G.W.B. have 


now concluded Agreements for co-operative manufacture and sale, in 
Great Britain and many of the Commonwealth countries, of the whole 
range of melting plant designed by Demag-Elektrometallurgie G.m.b.H., 
Duisburg. Germany, and by The Lectromelt Furnace Division, McGraw- 


Edison Company of Pittsburgh, U.S.A. Demag and Lectromelt between 
them can justly claim to have had more experience of electric steel melting 
furnaces than any other company or association of companies in the world 
Total installed capacity of Demag and Lectromelt Arc Melting Furnaces 
represents 6,750,000 kVA, corresponding to 2,800 installations. The 
unrivalled experience of these two companies enables G.W.B. to offer 
now, Arc Furnaces up to 200 tons capacity with alternative electrode 
control systems—static or rotating magnetic amplifier—hydraulic, with 
or without rotating shell. 

Completing the range of melting furnaces G.W.B. also offer the equipment 
detailed below. 





*DEMAG Submerged Arc Furnaces for the 
reduction of ores and production of ferro-alloys 
and calcium carbide. Connected loads exceed 


850,000 KVA, 


*DEMAG Channel lype Mains’ Frequency 


_ ; ; *DEMAG Crucible Type Induction Furnaces for 
Induction Furnaces for melting light metals, 


mains frequency or motor alternator operation 


copper and copper alloys, zinc and irons. for steels, irons and non-ferrous metals. 


Demag 36,000 kVA Arc Furnace with 24 ft Lectromelt 36, QOOKVA Arc Furnace 
diameter shell for Krupp-Rheinhausen with 24 ft. diameter shell 


G.W.B. FURNACES LTD P.O.BOX4 DIBDALE WORKS DUDLEY WORCS 
Telephone: Dudley 55455 Grams: Gibwildbar, Dudley 


Associated with: Gibbons Bros. Ltd. and Wiid-Barfield Electric Furnaces Ltd 
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St RARER METALS... 


QO) 


UNION CARBIDE 

can now supply a number 
of the rarer metals, many of 
which are available in 


a very high purity orade. 


Ga) 
~) 
VY) 
Y) 


--- AND THEIR COMPOUNDS 


Over 70 compounds of the rarer 
metals are available and include oxides, nitrides, 
borides, carbides, chlorides, phosphides, 
sulphides, phosphates, selenides, 


acetylacetonates and carbonyls. 


CATALOGUES OF DATA SHEETS \ 


giving the composition and properties of the 


metals and compounds can be obtained on request / 


The term ‘ Union Carbide’ is a trade mark 


UNION CARBIDE LT... ALLOYS DIVISION, 103 Mount Street, London W.! 
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WE PRODUCE 


QUALITIES 


Telegrams : 
‘Lysaght-Scunthorpe’ 
Telephone : 
2271 (7 lines 











BRITISH 
STEEL 


AT ITS 


BEST 


BASIC OPEN HEARTH STEEL 


CARBONS UP TO 1.0», 

DEEP STAMPING & RIMMING 
SILICON &SILICO-MANGANESE 
FREECUTTING 

LEAD-BEARING 


BLOOMS 5” up to 9° square 

BILLETS 2”, 2)”, 24”, 3’, 34” and 4’ sq. 
SLABS 5” to 16° wide x 2” to 24” thick 
SHEETBAR 12’ wide x |’ to }” thick 


Other sizes by request 


For further particulars please write to us at: 


JOHN LYSAGHT’S SCUNTHORPE WORKS LTD: 
Normanby Park Steel Works, 
SCUNTHORPE, Lincolnshire. 





Wherever power 
is used Crofts 
Gearboxes 

play a vital 


role... 


CROFTS ‘RADIATION’ 
WORM REDUCTION GEARS 


fractional to 400 h.p., ratios up to 100;1. Publications 5217 
3” to 14” centres, up to 135 h.p. from stock -phone Ext. 555 


Also: 


Universal Mounting 4, ‘ oe ** Multispeed” 
&Worm Reduction ~ ig eri 2, 3, and 4 speed 
Gears F iP: 2 Reduction Gears 
Publication 571T ee Publication 358T 


CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 


Head Office: Thornbury, Bradford 3, Yorkshire Telephone: 65251 (20 lines) 
Telegrams: ‘‘ Crofters Bradford Telex ”’ Telex 51186 


Branches at: Belfast, Birmingham, Bristol, Cardiff, Dublin, Glasgow, Ipswich, Leeds, Liverpool, London, Manchester, Newcastle 
Northampton, Nottingham, Sheffield, Stoke-on-Tren Representation throughout the World 
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for fine grain and better definition— 


Outstanding for its exceptionally fine grain, ILFORD CX is a high-contrast film 
of medium speed. It can be used with or without lead screens, for industrial 
radiography up to two million volts, and for gamma radiography. It is ideal for 
those applications where superior definition is preferred to speed, particularly for 
the examination of light metal and steel castings, and for the inspection of welds. 
Recommended developer is Phenisol—-based on Phenidone, an Ilford discovery — 
which gives high effective film speed and promotes contrast, without accentuating grain. 
The name PHENIDONE is a registered trade mark 


I LF 0 R D L; "X industrial X-ray film 
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THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. 


HHH 
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Please write for further details to 


THE COPPEE COMPANY 


COPPEE HOUSE - 140 PICCADILLY 
LONDON W.1! Telephone: HYDE PARK 680! 


for 
maximum 
efficiency 
and 
trouble-free 
SErVICE 


AND 


af 


So BY-PRODUCT 
PLANT 


(GREAT BRITAIN) LIMITED 


Telegrams: EVCOPPEE, NORPHONE, LONDON 
GLASGOW: 12! DOUGLAS STREET, C.2 
NEWCASTLE-ON-TYNE: MANSION HOUSE CHAMBERS, THE CLOSE 
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In August 1945 three men met together 
and their names were Thomas, Aldridge 
and Logan. They each put down enough 
money to create a small capital, and 
formed a Company which they called 
T.A.L. Developments Ltd. 

Two of them, Aldridge and Logan, 
having been in diecasting all their lives, 
felt they knew enough about it to start 
on their own. 

A small factory at Finsbury Park was 
rented and a labour force of 6 was 
recruited. 

That was the humble origin of T.A.L. 
Developments Ltd. 

Now the firm has a factory of 20,000 
square feet, they employ about 120 
workers and their capital is still the 
same. The Company has been built up 
by ploughing back the profits, until now 
the firm practically owns a modern 
factory complete with a modern diecast- 
ing plant, with a turnover that has 
increased nearly threefold in the last 
five years. 

During conversation Messrs. Aldridge 
and Logan said that prior to 1939 die- 
casting had not reached the importance 
in this country that it has now, because 
large users other than the Motor In- 
dustry were the exception rather than 
the rule. 

In 1939 and during the war years, both 
the Ministry of Aircraft Production and 
the Ministry of Supply were faced with 
the necessity of finding a substitute for 
machined components which were made 
from the solid bar, and they needed 
them in large quantities. 

Diecasting was their answer. Tools were 
made for many thousands of intricate 
parts, and after the usual teething 
troubles were overcome, these pieces 
were produced by the hundreds of 
millions. 

The Ministry very quickly realised that 
a very rigid control of the diecast mater- 
ial was necessary, and so stipulated that 
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ADVERTISEMENT 


‘* We decided that 


Town Gas is the 


ideal fuel for 


the Diecasting 


Process ’”’ 


Some diecast components made by 


T.A.L. Developments Ltd., 


Tottenham. 


FUEL SELECTION FOR PRECISION DIECASTING 


all zinc base alloys, used for their parts, 
were to a rigid British Standard Specifi- 
cation. 

This ensured that the diecast parts re- 
tained their precise dimensional charac- 
teristics which was of vital importance 
when making delicate fuses, etc. 

These facts are well known by T.A.L., 
who maintain their material to B.S.S., 
and to prevent any possible contamina- 
tion use only one zinc alloy, namely, 
Mazak “*3” with a regular analysis taken 
of material used on every day and night 
shift. All zinc alloy castings are there- 
fore able to be produced to the British 
Standard quality, which is a sure sign of 
top quality. 

Mr. Logan, who runs the production 
side of the factory, forbids the impor- 
tation of even a small amount of solder 
into the factory, because of the danger 
of contaminating the zinc alloy with 
traces of lead or tin. 

There is variety in plenty at the T.A.L. 
works. Among the larger zinc base 
pressure diecast components are the 
motor car headlamp bezels for a popular 
motor car. These are a complicated 
design and have to be chromium plated 
eventually and, to avoid rejects, it is 
essential that the surface quality of the 
diecastings is of a very high order. 
Motor car carburetter parts afford 
examples of a complex diecasting tech- 
nique where the diecasting process has 
minimised machining and drilling costs 
to a considerable extent. At the other 
end of the scale there are diecast ladies’ 
watch cases weighing only a few grams 
and cast so accurately that tiny pieces of 
marcasite can be fitted into the diecast 
settings. 

Some of the diecasting machines have 
been bought complete but, what is of 
extreme interest are those machines 
which have been built by the firm them- 
selves for their own use to meet special 
conditions of different contracts. 


The diecasting process is well known. 
The zinc base alloy is melted in a furnace 
and the molten metal is pumped under 
high pressure into a steel die which 
forms the component to the shape of the 
die. Air valves open and close the die 
whilst operating the pump in a sequence 
so that the whole process takes place on 
a controlled temperature/time schedule. 
Such machines are built for relatively 
large, complicated diecastings. On the 
other hand, when it comes to long runs 
of relatively small diecastings, a nearer 
approach to automation is required. 
The firm decided to build a number of 
completely automatic machines. They 
designed an electronic timer which, by 
operating the air valves, automatically 
opened the die, closed it, allowed molten 
metal to flow into it, then opened it and 
ejected the casting without any action 
by the operative, whilst a counting 
mechanism on the electronic timer told 
the operative precisely how many com- 
ponents had been turned out. 

We turned on to the question of fuel, 
and on this Mr. Logan was quite em- 
phatic. “‘Town gas appears to us to be 
the most suitable fuel for diecasting”’, 
he said. ‘“‘We use gas because of the 
convenience factor first, then comes its 
reliability, and the Eastern Gas Board 
has always been ready to help us out of 
any troubles which do occur”. 

Mr. Aldridge added: “Yes, and of course 
it does mean that we have the simplest 
form of costing—the meter reading is 
there for us to see day by day and we can 
keep a close check upon the fuel cost per 
unit of output, and of course we know 
monthly or weekly fuel figures without 
having to attempt to determine how 
much solid fuel there is in a heap in the 
yard or how much liquid fuel there is in 
a tank”’. 

Mr. Logan took it up from there and 
said: “You will notice that it is important 
that all the liquid metal in these diecast- 
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ing machines is maintained at a con- 
trolled temperature. A thermocouple 
in a protective sheath is located in the 
chamber containing the molten metal. 
This thermocouple sends a signal to the 
control pyrometer which is pre-set to 
the desired temperature. If the temper- 
ature exceeds the set point, then 
automatically the pyrometer sends an 
electrical signal to a solenoid valve which 
in turn operates the valve in the gas 
supply, so cutting down the gas and 
allowing the temperature to come back 
to its correct value. Town gas is there- 
fore an ideal fuel for this process because 
it has a constant calorific value and is 
supplied at a governed pressure so that 
the temperature control is very easily 
maintained. In addition of course there 
are no fuel deliveries, no wasted storage 
space and it is the easiest fuel for the 
operatives to work with”. 

T.A.L. began by making zinc base 
alloy toys, for a large multiple store, and 
they made many millions of these before 
gradually changing their output and 
moving into motor car and general 
industries. It was interesting to learn 
that the increasing turnover of the 
company has not been due to any 
extensive publicity or to any form of 
high pressure salesmanship, it being 
accomplished as a result of doing a job 
at a reasonable price and producing con- 
sistent components so that one satisfied 
customer mentioned the name of the 
company to his friends in associated 
industries. That, with Mr. Aldridge’s 
extensive technical knowledge, enabling 
him to give quick and accurate competi- 
tive costing is the true story of the 
growth of the company. 

It is only when one visits a diecasting 
firm such as T.A.L. Developments that 
one realises the extent to which zinc 
base alloy diecastings fit into our pattern 
of life. There are gold plated zinc base 
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diecastings for electric shavers. There 
are components for electrical radio and 
television sets made for leading firms in 
the electrical and radio industries— 
washing machine components—carbur- 
etter parts, etc. 

Not only do the firm specialise in zinc 
base diecastings, but they also make 
considerable amounts of pressure alu- 
minium alloy castings. The process 
here is somewhat different. The 
aluminium alloy is separately heated by 
gas in non-metallic crucibles, again on 
pyrometer control principle, and is 
ladled in the molten state into the die- 
casting machine. It is thus a cold cham- 
ber process as compared with making 
zinc base diecastings, which of course is 
a hot chamber process because the 
pressure cylinder is immersed in the 
molten metal. 

Ever since 1945 the local Gas Board has 
collaborated with T.A.L. Developments 
—its Industrial Officers helped in the 
provision of piping when supplies were 
difficult, they made recommendations 
and acted as Consulting Engineers when 
the roof of the new factory had to be 
insulated to prevent heat wastage and 
the firm required a loan from the Min- 
istry of Fuel and Power for this work to 
be done. The result of this co-operation 
is shown in the steady increase in the 
industrial gas sales load from the 
Eastern Gas Board to the company, 
which has doubled itself in the last five 
years. 

“Some say town gas is an expensive 
fuel”, was a remark put to him, and he 
smiled and said: “‘Well, I suppose any 
raw material used to make an end 
product is considered to be expensive 
by the manufacturer’’. 

‘But it is all a question of relative terms. 
We have a free choice to use any fuel we 
would wish and we have always used gas 
and see no reason why we are likely to 


ADVERTISEMENT 


“* Yes—it does mean that we have the 
simplest form of costing”. 


change in the future. It is clean, it is 
provided at a constant calorific value. 
It is a flexible fuel which lends itself very 
easily to automatic temperature control 
so essential in our process, there is no 
storage space, there are no ashes to clear 
away and in short it is a piped fuel 
coming direct to us from the gas works. 
When we compared all these advantages 
and carefully worked out the relative 
fuel costs we decided that town gas was 
the ideal fuel for the diecasting process”. 
Each gas user has the advantage of the 
gas industry's pooled knowledge of so 
many different industries. An Industrial 
Gas Engineer of the Eastern Gas Board, 
for example, is always able to make use 
of the knowledge of the Industrial 
Officers in all the other area Gas Boards 
and has access to the Gas Technical 
Bureau in London, where a close watch 
is kept upon all progress in gas-fired 
equipment not only in the United King- 
dom but also in overseas countries. 
Precision diecasting is just one of the 
some 4,000 trades, professions and 
occupations benefiting from the constant 
research and development taking place 
in the Gas Industry. 


Scottish Gas Board, Edinburgh. 
Northern Gas Board, Newcastle-upon-Tyne. 
North Western Gas Board, Manchester. 
North Eastern Gas Board, Leeds. 

East Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham. 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford. 

North Thames Gas Board, London, W8&. 
South Eastern Gas Board, Croydon. 
Southern Gas Board, Southampton 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.1. 


Typical diecasting machine open, 
showing the die. Molten metal heated 
by town gas is forced into the die. 








CONTINUOUS BILLET REHEATING FURNACE WITH TYPHOON BURNERS 


TYPHOON 


ROTARY FLAME GAS BURNERS 


TYPHOON GAS BURNERS ENSURE INTIMATE OTHER 
MIXTURE OF GAS AND AIR - THE ABSOLUTE SPECIALITIES 
MINIMUM OF SPACE - HIGHEST POSSIBLE 
(gy nl ona PITS (Isley Controlled) * MILL FURNACES 
FURNACE ATMOSPHERE - INCREASED OuT- = "0! METALMIXER CARS MORGAN AIR 
PUT WITH LESS FUEL JECTORS * NASSHEUER CONTINUOUS 
BRIGHT ANNEALING FURNACES 


MORGAN GAS MACHINES * SOAKING 


Equally suitable for crude producer gas, blast furnace, 
coke oven, mixed or town gas (Sole Licensees) 


THE INTERNATIONAL CONSTRUCTION CO. 
(Successors to Julian Kennedy, Sahlin & Co., Ltd.) 
56 KINGSWAY - LONDON - W.C.2 


Telephone: HOLBORN 1871-2 Telegrams : SAHLIN, WESTCENT, 2 LONDON 
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TWO MINDS... 


. and the thought is CLOSELOY. Liaison between 
laboratories and foundry is complete throughout every 
stage of production of Closeloy high grade rolls. The 
Closeloy range is the most comprehensive in Great 
Britain and covers cast iron and cast steel rolls of all 
qualities and types. Each roll embodies the best prin- 


ciples of British and American roll-making practices 


oj Mo} j= Be) fe) BE 


Armstrong Whitworth (Metal Industries) Ltd., 
Ciose Works, Gateshead upon Tyne, 8. Tel: Gateshead 71261 


Subsidiary Company: 
Jarrow Metal Industries Ltd., 
Wesiern Road, Jarrow, Co. Durham 
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DONT FRET 
ABOUT FUMES! 


Pass the problem to VISCO. We thrive on noxious fumes and gases (the removal 
of) and our experience with fume removal installations at works large and small 
is yours for the asking. Cut costs by consulting THE VISCO ENGINEERING 
CO. LTD., STAFFORD ROAD, CROYDON. Telephone: CROYDON 4181. 





VISCO 


FUME REMOVAL PLANT 











Photograph courtesy of Richard Thomas & Baldwins Ltd 
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gas turbines 


We build gas turbines of Brown Boveri design—the nators, centrifugal and axial flow blowers of Brown 


range of outputs being from 2500 kW to 30,000 kW Boveri design, water-tube boilers of Foster Wheeler 
—fired by gas or oil. A 2500 kW generating set design, shell boilers, condensers, feed-water heaters 


recently built for Shelton Iron and Steel Ltd. runs — and rotary water strainers, we are particularly well 


on blast-furnace gas, gas-oil or a mixture of the two. able to design and carry-out schemes of any size 


Since we are also builders of steam turbines, alter- for the efficient use of any available fuel. 


Richardsons Westgarth (weer) Ltd 


A member of the RICHARDSONS WESTGARTH GROUP which co-ordinates the land and marine activities of : 


THE NORTH EASTERN MARINE ENGINEERING CO. LTD RICHARDSONS WESTGARTH (HARTLEPOO 


PARSONS MARINE TURBINE CO, LTD THE HUMBER GRAVING DOCK A I 
GEORGE CLARK & NOKTH EASTERN MARINE SUNDERLAND RICHARDSON 


ASSOCTATED (COMPANY ATOMIC "Orv t ONSTRI 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. HARTLEPOOL, CO. DURHAM 
and at 58 Victoria Street, London, $.W.1 59 Mosley Street, Manchester, 2 . 75 Buchanan Street, Glasgow, C.1 
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Pressed brick being 
lifted from the die 


PRESSING PROBLEM SOLVED 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 
give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 


PICKFORD HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 33921 
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Orkot 
Rolling Mill 
BEARINGS 


IN Service 
in the mills of 


The United Steel 


Companies Limited 


have 


% LOW FRICTION COEFFICIENTS... 
and 
%* IMPROVED WEAR RESISTANCE... 
leading to 
> POWER SAVINGS... 
and 
% LONG BEARING LIFE 


Enquiries to :— 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
(SALES DEPARTMENT 252) P.O. Box 136, Handsworth, Sheffield 13. 
Telephone : Woodhouse (Sheffield) 3211 Telegrams : * Unichem’ Sheffield 











British 
Engineering 
at its 


b t 500 B.H.P. DIESEL MECHANICAL LOCOMOTIVE 

e $ Incorporating |2RPHL Paxman Diesel Engine Scoop 
Control Fluid Coupling and high and low range, 
“S.S.S. Powerflow"’ 3 Speed Gear Box. Maximum 
speed 28.4 m.p.h. 


For JOHN LYSAGHTS LTD 
SCUNTHORPE WORKS 


Hie 


a | 


{ PAULANVHENEHI 


533 B.H.P. DIESEL MECHANICAL LOCOMOTIVE 
Incorporating Paxman 8 RPHL Diesel Engine 
Scoop Control Fluid Coupling. ‘'S.S.S. Powerflow”’ 
3 Speed Gear Box. Maximum speed 14.51 m.p.h. 
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HUDSWELL, CLARKE & CO LTD) ums 


OF STEAM, 
DIESEL, 
ELECTRIC AND 
BATTERY 


PIONEER LOCOMOTIVE ENGINEERS, RAILWAY FOUNDRY, LEEDS, 10 
s TELEPHONE: 34771 (6 lines). CABLES: LOCO, LEEDS. 
FOR NEARLY London Office: 14 Howick Place, Victoria Street, S.W.| 


Telephone: ViCtoria 6786 
100 YEARS Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London LOCOMOTIVES 
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Lencachian _ 


AT. 


——— 


| 


‘WIRE RODS" mie 
IN ALL QUALITIES PRODUCTS 


BASIC PIG IRON 


JOISTS ANGLES nee 


TUBE STEEL 


CHANNELS TEES or 


SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 

FLA i S$ ROUNDS COKE OVEN 

BY-PRODUCTS 


IRON, STEEL 
AND NON-FERROUS 


HOT & COLD a 
CONCRETE FLAGS, 
ROLLED HOOPS sat 


CABLE TAPE se 
LANCASHIRE STEEL MANUFACTURING COMPANY 


LIMITED 


(HEAD OFFICE:) 
Telephone: vw A aa R } a G T oO a] Telegrams: 
31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 
London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.1I * Telephone WHITEHALL7SIS5 ° Telegroms: LANCASTEEL, LESQUARE, LONDON 
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otress Relieving Furnaces 


We have a wide experience 
in the design and installation of 
large bogie hearth furnaces for the 
general heat treatment of fabrications, 
alloy steel castings and ingots. 
Capable of taking loads of up to 250 tons, 
they can be fired by towns gas, 
clean producer gas or oil 
and with full instrumentation 
a minimum temperature variation 
is possible throughout the chamber. 
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By kind permission of Steel, Peech & Tozer. 


aWVINCOTT 


G.P. WiIncotr LIMITED 


legrames WINCOTT, SHEFFIELD. 








URNACES | 


SHEFFIELD. ENGLAND 
Telephone:2021(/2 
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JOSEPH ADI 
Waste Me 


The Joseph Adamson Waste Heat Boiler is designed 
to make efficient use of the waste gases leaving open- 


~ 
hearth furnaces, reheating furnaces, soaking pits, gas 
retorts, etc. 

The straight-through fire tubes have a high ratio of 
length to bore, giving about 90% tube efficiency and 

~ £ £ 
providing a large area of heating surface in a compara- 
tively small space. Brickwork setting is not required 
and air infiltration is thus avoided. 

A feature of Joseph Adamson Waste Heat Boilers 
is that a special cleaning device can be provided in the 
outlet chamber to allow the tubes to be cleaned while 


the boiler is at work. 


JOSEPH ADAMSON & CO. LTD. 
©.BOX 4 :-HYDE CHESHIRE 


in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Company Ltd., Wellington, Shropshire 


THE ADAMS ON GROUP 
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BIGGEST AND WIDEST 
RANGE EVER OF 





CARBIDE TIPPED DRILLS! 


Pioneers in carbide tipped masonry drills, the 
Rawlplug Company has gone still further ahead 


| 
| 
| 


and rotary drills obtainable anywhere. Whether 
its for hand or power use, you’re bound to find the 


with the widest range of percussion, vibration | type and size you want in the Rawlplug range. 


‘DURIUM’ 
TIPPED MASONRY DRILLS 


So famous have these amazing drills become that 
the name purium tends to be used for any drill of its 
general type. Don’t be misled by this. puRIuM means 
the special New Process, almost diamond-hard, 
carbide tip developed and made only by the Rawlplug 
Company. No other drill is a genuine Durium. 
puRIUM Drills give really sensational cutting 
performances in brick, tile, cement, slate, etc. 
They are silent in operation and have a quite 
exceptional long-service capacity for withstanding 
the abrasive action of masonry that so quickly 
ruins ordinary drills. Another exclusive feature of 
Durium Drills is their patented rapid-helix flute, 
which forces out spoil and prevents clogging. 

Only a Durium Drill—a genuine Rawlplug Durium— 
gives such life and service. First 

resharpening is FREE! 


For use in Wheelbrace or slow speed electric. drill 


17 sizes 5/32” to 1” cutting diameter and 11 long series 
}” to 1” cutting diameter for up to 16” drilling length. 


‘DURIUM’ TIPPED HAMMER DRILLS 


For percussion drilling in hard materials 


such as Granite, Blue Bricks, Concrete etc., 


‘VIBROTO’ 
HARD TIPPED DRILLS 
FOR VIBRATORY DRILLING 


Vibroto Drills are specially manufactured 
for use with the Vibroto Drilling Machine, 
—a high efficiency power tool which 
allows of two vibratory actions (Light 
Rapid and Heavy Slow), and also a rotary 
action for use with standard Durium 
masonry Drills or ordinary Twist Drills. 
With their special cutting angle metallic 
carbide tips, and the high grade steel 
shanks heat-treated to withstand abrasion, 
Vibroto Drills put up spectacular 
performances in the drilling of concrete 
and other hard materials. Demonstrations 
can be carried out by Rawlplug 

Technical Representatives anywhere 

in the British Isles. 





10 sizes 5/32” up to 15/32” cutting diameter. 


‘RAWLCRETE’ 
TUNGSTEN CARBIDE TIPPED 
(ROTARY) CONCRETE DRILLS 


. 


Durium Hammer Drills have a very much 
longer life than ordinary percussion drills. 
They can be used in most electric Hammers 
and some type of Pneumatic Hammers. 

13 sizes from 7/16” nominal] drill diameter 
to 1’. 


These drill are designed for hole boring in concrete, 
hard brickwork and tiles with portable rotary 
action tools. They have from four to six cutting 
edges (depending on size) and if one should be 
damaged the remainder will go on cutting. 

Spoil is automatically carried away through the 
cored shank and ejected via the slot. 
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‘DURIUM’ TIPPED GLASS DRILLS 


For use in glass, china, vitrolite, 
pottery, etc. Can be used in a wheelbrace 
or slow speed electric drill. 

9 sizes from i” to 4” cutting diameter. 


EXTENSION TYPE DRILLS ANY DEPTH 
By adding extension rods to the Extension Type 
Rawlcrete Drill, any depth of hole can be drilled. 
96 sizes }” up to 2” cutting diameter. 


TE Now 
rated \iterature 


tatiy these and THE RAWLPLUG COMPANY LTD. 
scribine Type Dish ’ aan et CROMWELL ROAD, LONDON, S.W.7. 


nce drills and 
Telephone: FREMANTLE 8111 (10 LINES) 
Telegrams: RAWLPLUG SOUTHKENS LONDON 8636 
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de 
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The World’s Largest Manufacturers of Fixing Devices. 
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Britain's 
first 


converter-led 
hot reversing 
mill 














The first two hot reversing mills in Britain to be fed 
from mercury-arc converters have been engin- 
eered and commissioned by “ENGLISH ELECTRIC’ 
at the Darlington steelworks of Messrs. Darling- 
ton and Simpson Rolling Mills Ltd. 


This technique greatly reduces the number of 
rotating machines and their heavy foundations, 
resulting in lower initial and running costs, with 
minimum maintenance. 


Over 50 years world-wide experience stands 
behind ‘ENGLISH ELECTRIC’ service to the metal 
industries and is available to help in the solution 
of your particular problems. 


ENGLISH ELECTRIC 


k pment 
steelworks equipmen 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD PRESTON RUGBY BRADFORD 


MT. 52 
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<4 80 ton steelworks crane. 


We are specialists in the design 
and manufacture of heavy duty 
and large capacity overhead elec- 
tric travelling cranes. 


Comprehensive catalogue for- 
warded on request 


STEELWORKS GRE 


my. 


LTD. LOUGHBOROUGH ENGLAND 
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Nozzle 


nonpareal 


Wraggs of Sheffield were 
pioneers in the manufacture of 
casting pit refractories, and 

have always concentrated their 
efforts in this field. The 

results of this specialisation can 
readily be seen in, for example, 
this nozzle—in which only 

the finest materials have been 
used for reliability and general 


all-round efficiency. 


Our P Service 
LADLE LINING BRICKS ur Pallet Service 


minimises the 
SLEEVES « risk of damage in 
STOPPERS transit — saves time and 
trouble in handling. 


NOZZLES Particulars gladly sent 


TRUMPET BELLS on request. 


TRUMPET GUIDES 


PERT TSE TET 
Os Se BABE LS PR a 





CENTRE BRICKS 


INGOT FEEDER TILES 


wonmes Wraggs of Sheffield 


for reliable casting pit refractories 


THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 
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HOT ROLLED STEEL BARS 


Round « Square « Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality : 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 


Phone: 65401 (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGCW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE, 50 WELLINGTON STREET, CHRONICLE BUILDINGS, 
TOTHILL STREET, S.W.! NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams: Telegrams: Telegrams: Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone : Telephone Telephone: Telephone: 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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PORT ENDS 


el einladen <A FOR OPEN HEARTH 


MESS ete teal id ey FURNACES 
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Priest Furnaces Ltd. 


Sole representatives in Britain for MAERZ open hearth furnaces 


PRIEST FURNACES LIMITED * LONGLANDS * MIDDLESBROUGH 


also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD 
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The New, Tough 
MARSHALL 










° Se 
MD spelt 
aj lea unt ‘ 
hipaa 
ned at 


SPALL RESISTANT 


STOPPER 
END 
offers EXTRA Reliability 





















The focal point of teeming. The Stopper End. Subject to 
thermal shock, intense wear by liquid steel and severe 
mechanical stresses at high temperatures. No half 
measures with stoppers—they work or fail. 


Resulting from years of development work Marshall's 
now present their “SR” quality. Already acclaimed and 
well-known in the biggest ladies of the major integrated 
plants, “SR” is equally satisfactory in the steel foundry 
and when teeming the smaller ‘special’ steel charges. 


“SR” is highly refractory, accurately shaped—and tough. 
Consistently better and costs no more. 





LADLE BRICKS © SLEEVES + STOPPERS & NOZZLES + TRUMPETS & PIPES © CENTRE BRICKS & RUNNERS © MOULD HEAD BRICKS . 





VEGA 





REFRACTORIES 





Thomas Marshall & Co. (Loxley) Ltd. Loxiey, Sheffield. 


One of the MARSHALL REFRACTORIES GROUP of Companies 
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98° 4-HIGH PLATE MILL? 


We designed and built this plant 

including all major auxiliaries 

such as roller tables, hot leveller, 
cooling bed and complete shearing line for 


THE PATENT SHAFT STEEL WORKS LIMITED 


“ae Se 
foe 


We also supplied a complete Blooming Slabbing Mill to this customer. . 
For further details ask for our leaflet No. R.M. 112 


THE Ke)a AY ENGINEERING COMPANY LTD. 
™* BOURNEMOUTH ENGLAND 


August, 1959 








ROWN BAYLEY 
TEELS LIMITED oaOWH 


BAYLEYS 
SHEFFIELD 
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Howden rotary-screw compressor, 1100 c.f.m., exhausting at 1/5 of an atmosphere at the 
AIRCRAFT RESEARCH ASSOCIATION, BEDFORD 


Howden Compressors 


For more than 12 years, Howden have been manufacturing and developing rotary-screw 
compressors. Howden compressors have many outstanding advantages, as follows:— 


As rotary-screw compressors without any reciprocating 
parts they are fundamentally free from out-of-balance 
forces, with a large output in relation to their size. With 
their high speed and freedom from valves they give a 
pulseless delivery. 


Accurate gearing maintains the rotors with a designed 


clearance; thus they never touch and are less affected by 
air-borne impurities. The rotors need no lubricant; the 
air or gas delivered is therefore oil-free, an advantage in 
certain industries and an economy in all. 

Howden compressors are driven through Howden speed- 


increasing gearboxes from any suitable power source. 


ECONOMICS OF THE COMPRESSOR 


The simple mechanical construction reduces maintenance costs and increases availability. Cost 
of foundations is lower. Floor space occupied is smaller and receiver needed is smaller. 


JAMES HOWDEN & COMPANY 


LIMITED 


195 SCOTLAND STREET, GLASGOW, C.5 and 15 GROSVENOR PLACE, LONDON, S.W.1 








What greater advantage can there be for any 
material than that it is the mght one? 
Colvilles have developed a range of fitness- 


for-purpose steels which will withstand 


temperature extremes, resist gprrosion ag 8 


creep; steels which are req 


by welding and othe 


Amid the beauty of the Alps, for example, Colvilles special steel is 
producing power for Swiss Industry. Coltuf 32 grade is used for the 
construction of the penstocks in Alpine Power Stations because it combines 


resistance to brittle fracture at low temperatures with high strength 


RANGES OF COLVILLES SPECIAL QUALITY STEELS INCLUDE 


ABRAZO ear-resisting steel COLCLAD Sjainless Nickel and Monel clad steels 
COLMO Creep-resisting steels CORTEN Corrosion-resisting steel 


COLTUF Notch Ductile steels DUCOL W.30 Weldable high strength steel 


ENQUIRIES ARE INVITED FOR THESE AND OTHER SPECIAL QUALITY STEELS 


COLVILLES LIMITED 


195 WEST GEORGE STREET, GLASGOW, C2 
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For 30 years British Timken have been making large 
Timken tapered-roller bearings. 


To meet the ever-growing demand it was decided five 
years ago to build a new factory at Daventry for 
manufacturing large bearings only, and this factory has 
now been in full operation for more than two years. 
Some Timken bearings exceed 7 feet in diameter, 
others weigh as much as 4} tons. 

In this view of part of the Machine Shop, high-nickel- 
alloy steel forgings are being machined prior to heat 
treatment. 


TAPERED-ROLLER BEARINGS MADE IN 


ENGLAND BY 


BRITISH TIMKEN 


LIMITED 


DUSTON, NORTHAMPTON (HEAD OFFICE) AND DAVENTRY, NORTHANTS 




















g.- diameter steel tube troughing idler and 


return idier. Rollers are made from mild steel 
tube 6” outside dia. and 6 s.w.g. Strong, rolled 
section steel idler base board. All troughing 
idlers, ex« 1 reversible belts, provided with 
tilting blocks to aid training of the belt. 








ept or 





74” diameter rubber disc return idler. Tube 
carrying discs is solid drawn 6 s.w.g. and 3” 
Outside dia. Discs are strengthened internally 





with mild steel ring and remain rigidly in 
Idler especially suitable where damp 
and sticky materials are handled. 


. * } 
G.: diameter steel tube feeder idler. Rollers are 


mild steel tube 6 s.w.g., and 6” outside dia 
Contour of idler is designed so that material 
drawn freely from hoppers, etc., in 
large quantities at low speeds 


position 


can be 
relatively 
D 6” diameter rubber disc impact idler. Tube 
supporting discs is solid drawn 4” thickness 
and 23” outside dia. Idler base board is con- 
structed for exceptionally arduous duties, 
Discs are designed to support and protect belt 
at loading points, cushioning shock when 
impact is severe 








...WITH G.E.C. 
HEAVY DUTY IDLERS 


For more than 50 years G.E.C. have manufactured belt conveyors. 
Shown above is a variety of heavy duty idlers which have been 
developed through extensive research and 50 years’ experience in the 
materials handling field. Important features of these idlers are— 
SEALS designed to retain lubrication and exclude dust 

and abrasive matter — thus reducing friction and wear. 

BEARINGS of a taper roller type capable of 

a continuous load of 1,500 lb., giving a high factor of safety. 
SINGLE SHOT LUBRICATION on either outside bracket. 

All bearings need only infrequent lubrication. 

BRACKETS cast from malleable iron, designed for 

maximum strength and resistance to shock loads and breakage. 






All components are proportioned to allow 
for corrosion, abrasion and normal abuse. 
Special equipment can be supplied to meet abnormal conditions. 


For further information write for Publication No. 2829 


THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 


FRASER & CHALMERS ENGINEERING WORKS - ERITH - KENT Sta 
5 
Designers and Manufacturers of Complete Materials Handling Plant. ©: 
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A junction chamber 
on an early 3-phase 
distribution system ? 


The roof of 


a reheat furnace ? 


A new kind of 
resilient foundation 
for a press ? 


Number two is the right answer. It is part of the monolithic roof of a reheat furnace at the Margam works of the Steel 
Company of Wales, immediately before the refractory was placed. 

The special anchor bricks hanging from the R.S.J’s are secured by heat-resisting clips and will provide support 
through the full thickness of the refractory lining. 

This roof was cast in “’TRI-MOR” High Temperature Castable. It is a good example of the type of furnace lining 
which “TRI-MOR” refractories and Morgan’s whole-hearted belief in monolithic structures have made possible. 
Some of the most usefulof the“‘TRI-MOR” refractories are: 


TRI-MOR Standard Castable 
TRI-MOR High Strength Castable 
TRI-MOR High Temperature Castable 


MORGAN 


efractories Ltd 


TRI-MOR High Temperature Mouldable 
TRI-MOR Dense ‘Guncrete’ 
TRI-MOR Insulating Castable 
TRI-MOR Insulating ‘Guncrete’ 


MUU ULLAL LLL 


MORGAN REFRACTORIES LIMITED, 


NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 ; 
NE 149A 
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MAN AND MACHINES be 
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Man perforce has become a designer of 
machines. Machines which will help him aig 
produce more goods more speedily. After \ a 
he produces faster, he needs more accuracy, Re. 
greater versatility. Especially if he happens 
to work in metals, in sheets or strips, wires 
or tubes. 


Robertson’s equipment for reducing steel, 
aluminium and other metals into sheets, 
strips, wires and tubes, has developed 
consistently throughout the last half century 


‘ : yw - A Four-High Single 
in advance of man’s requirements. Today, ~ ae Stenst Mill with sack 
: ; , — : : ea oe rolls 2}” diameter, 4 

their high quality, precision machinery a face, and support 
designed for sustained output is found " roite Ss ees 


4” face 
throughout the world, wherever men 


are working metals. 


The examples illustrated are from 
the range of Robertson Mills, which 
are designed for the 
production of square, 
rectangular or flat strip 
from round rod and 
wire in steel and all 
non-ferrous metals 


and alloys. ; 3 i 


A. No.2 Tormanco 
Tandem, with rough- 
ing rolls 10” diameter, 
6” face, and finishing 
rolls 8’diameter, 6” face 


ROBERTTSOM 


WIRE FLATTENING MILLS 






oO; LTb., PRD, ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS & PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY. W T.303 
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NDAMSON-ALLIANCE Go. Ltd 


165 FENCHURCH STREET - LONDON - E.C.3 


t 
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CASTING LADLE 
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SPRAY CHAMBERS 
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in full operation at the Terni iron and steel works 
in Italy since 1958 


Developed to the Junghans ee: in co-operation with Messrs. 
Mannesmann and Bohler 


DEMACG DUISBURG CERMANY 


For U. K. represented by: 
RYMAG LTD., 101, Leadenhall Street, London E. C. 3 









OF FINISHED STEEL ROLLED WITH ONE SET OF TEXOLEX BEARINGS 


TEXOLEX Bearings have for many years given an average performance of 300,000 tons on a 40” 
2-high Reversing Mill, rolling a four ton ingot having the first pass on the drive side with a first pass 


reduction of 2}", the final pass being 45 ft. to 50 ft. in length. 






i iaeniaceae enna —------- 


The bearing illustrated was removed from the 
bottom drive side of the above mill after rolling | 
126,000 tons of finished steel and would have | 
continued for a further calculated 150,000 tons | 

but for slight damage caused due to roll break- 

age. This performance was achieved despite high | 
scale conditions which occurs in this position. | 
In other positions up to 600,000 tons have | 
been obtained. 


, en | 


NE OE 










Information by permission of T E > 4 '@) L E > 4 
Messrs. Guest Keen lron & Steel Co. Ltd., Cardiff. 
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The Bushing Company Ltd., Hebburn-on-Tyne Telephone: Hebburn 83-2241 Telegrams: Bushing, Hebburn 
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Break through the Cost Barrier 


STEETLEY S.D 
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NEW coking plants 
under construction 

















Now nearing completion, the battery of 37 W-D Becker 
Combination Gas Gun Coke Ovens which comprise 

the second installation at the Gartsherrie lron Works 
of Bairds & Scottish Steel Limited. 


The new ovens will carbonise some 766 tons of coal 

per day, and the installation includes a crude benzole 
recovery plant, extensions to the coal handling, 
by-product recovery and steam raising plants, 

gas boosting equipment, and a benzole rectification plant 
to serve both the first and second coking installations. 


aD 


WOODALL— DUCKHAM 


Construction Company Ltd. 


Woodall-Duckham House, 63-77 Brompton Road, London, S.W.3. 
Tel: KENsington 6355 (14 lines) Grams: Retortical (Southkens) London 
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The U.X. Alloy Indefinite Chill Roll offers the 

maximum resistance to firecracking and spalling in the rolling 
of PLATES. U.X. has been outstandingly successful The U.X. Alloy Roll 
when used for work rolls in 4-High Reversing Plate Mills and is described fully in our 
also in the earlier stands of 4-High Continuous Hot brochure ** ROLL 
Strip Mills. The alloys present ensure that the rolls wear MAKING,” which shows 
with the minimum fall-off in surface hardness until this and many other 
the working life is completed. types of roll manufactured 
by DAVY-UNITED. 


DAVY AND UNITED ROLL FOUNDRY LIMITED 
BILLINGHAM, CO. DURHAM 
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W. F. GILBERTSON 


William Frederick Gilbertson was educated at Lancing College, Sussex, 
and studied metallurgy at the University College of Wales, Swansea. In 1929 


he entered the family tinplate firm at Pontardawe, where he remained foi 


13 years. 


In 1942 he went to Baldwins Ltd, Swansea, as assistant general manage! 
of the Kings Dock, Fairwood, and Elba tinplate works On the merger of 
Baldwins Ltd with Richard Thomas and Company in 1945, Mr. Gilbertson moved 
to the West Wales Section office at Gorseinon to take charge as assistant general 
manager (tinplate) of the R.T.B. tinplate works In 1949 he went to Redbourn 


works (Scunthorpe) and subsequently paid a four months’ visit to the USA to 


study the iron and steel industry. 


He was appointed assistant gen ral superinte ndent at Ebbw Vale works in 
ort, bec ame. assistant ie neral manager a veal later and deputy ge ie ral manage! 
in 1964. In 1967 he moved to the head office of the company in London as 
executive assistant to the managing director, and in 1945 he became, in addition, 


produc tion controller. 


Mr Gilbertson was elected vice-president of no, 4 division of the Lron and 
Steel Trades | mploy« rs’ Association (Wales and Monmouthshire) in 1966, and in 


1957 president of the Iron and Steel Trades Employers’ Association. He is also 


deputy chairman of the Management Committee of the Vinplat. Conterenc« 


(1926) and in June 1959 he was elected to the board of Richard Thomas an 
Baldwins Ltd. 
Mr Gilbertson has been a member of The Iron and Steel Institut 


1934, and in 1958 he Was ¢ lected to the ( ouncil ot the Institute, 
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Report of the Annual General Meeting, 1959 


The NINETIETH ANNUAL GENERAL MEETING of THE IRON AND STEEL INSTITUTE was 
held on Wednesday and Thursday, 6th and 7th May, 1959, at the Hoare Memorial 


Hall, Church House, Westminster, London, SW1. 


Mr C. R. WHEELER, C.B.E., the 


Retiring President, was in the Chair at the beginning of the Meeting, his place being 
taken later by Mr W. Barr, 0.8.£., the new President. 


Sessions were held at 10 a.m. and 2.30 P.M. 


the Thursday. 


MINUTES OF PREVIOUS MEETING 
THE MINUTES of the previous Meeting were taken as 
read, and were confirmed and signed. 


WELCOME TO MEMBERS AND VISITORS 


The President offered a cordial welcome to the large 
number of Members and visitors attending the Meeting. 
He welcomed in particular the visitors from overseas 
It was a very good sign of the health of the Institute to 
see such a large number of Members and visitors present. 


OBITUARY 

The President referred to the loss which the Institute 
had suffered during the year through the death of Mem- 
bers. He referred in particular to the death of a great 
friend of the Institute, Sir William Larke. Sir William 
had been an Honorary Vice-President and a Bessemer 
Medallist, and at all times throughout his long life, and 
particulariy between the wars, he had been a staunch 
friend of the Institute. 

The Meeting, at the invitation of the President, stood 
in silence for a few moments as a token of respect. 


PRESENTATION OF REPORT OF COUNCIL 
AND ACCOUNTS 

The President then presented the Report of Council 
for 1958 and the Statement of Accounts, (JIST, 1959, 
vol. 192, May, pp. 8-12), and moved their adoption. 

The Report and Accounts, he said, had been printed 
in the Journal, so he did not propose to go into it in 
detail. 

The membership of the Institute, at 5 098, was 100 
more than at the end of the previous year, and was the 
highest membership that the Institute had ever had. 
This was a matter for satisfaction. 

During the year there had been a number of meetings, 
all of which had been well attended. He wished par 
ticularly to mention the rather noteworthy meetings 
which had been held in Belgium and Luxembourg last 
summer, and to thank the various representatives who 
were present at the Meeting today from Belgium and 
Luxembourg for the admirable arrangements which 
they had made and for the great pleasure which they 
had given to Members of the Institute. 

There had also Dr Allen’s Hatfield 


been Memorial 


AUGUST, 


On the Wednesday evening a 
Grosvenor House, Park Lane. 


1959 3: 


on the Wednesday and at 10 a.m. on 
Dinner for Members was held at 


London, WI. 


Lecture on “The mechanical properties of the ferrite 
crystal,’ for which there had been a well attended and 
successful meeting; and meetings of the Engineers Group 
and Powder Metallurgy Joint Group, which had been 
well supported and extremely successful. The Engineers 
Group had held a meeting in Holland, and he wished to 
thank his predecessor in the Presidency, Mr Ingen 
Housz, for the excellent hospitality which he had arranged 
for Members in Holland. 

The Journal during the year seemed to him to have 
been exceptionally interesting. It had contained a wide 
variety of papers and, while dealing with specialized 
subjects, had contained a great deal for those who were 
generally interested in the industry. the 
present time in regard to the publication 
of papers. The publication of papers now took longer 
than The Council had yesterday 
measures to improve and accelerate the publication of 
papers. 


There was at 
some ‘jam’ 


usual. agreed to 
was 
hoped that by this means it would be possible to catch 
up with the flow of papers. 

The Translation 
successful. Nearly 
during the year. 
useful service. 

The Joint and Information Department 
required additional space for staff and storage of books. 
It had therefore been decided to build out at the back of 
the offices at 4 Gardens. In the mean 
time, they must sympathize with the staff in the diffi 
culties to which it had been put and would be put until 
the alterations had The staff deserved 
congratulations on coping with the service under very 
difficult circumstances 

Co-operation with other Societies had been maintained 
satisfactorily during the year. He need mention only a 
few; the British Iron and Steel Federation, the British 
[ron and Steel Research Association, the Affiliated Local 
The Institution of Metallurgists, and The 
Institute of Metals. He took the opportunity of con 
gratulating The Institute of Metals their Golden 
Jubilee this year. He had had the pleasure of attending 
the celebrations of that Golden Jubilee. 

He felt that Members would agree that the Institute 
had had a vigorous and successful year. 


The Journal was to be enlarged, and it 


of the 


translations 


had 


been 


service Institute been 
400 had 


This was, he felt, a very vigorous and 


issued 


Library 


Grosvenor 


been made. 
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on 
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396 REPORT OF ANNUAL 
Mr W. Barr, 0.B.E., in seconding the motion for the 
adoption of the Reports and Accounts, said that this 
was the last occasion on which he would be giving an 
account of his stewardship; and he was sorry that the 
position was not a little bit rosier than it was in fact. 

The accounts for 1958 were presented in the usual 
form. Increased expenditure was mainly due to in 
creased activities and was reflected also in an increase 
in income. Nevertheless, the margin was, in his opinion, 
too small, since in order to maintain Reserves the 
Accumulated Fund had reduced by £1 450; it 
now stood at £33815. On the other hand, Reserves 
were now £3750 and the House Fund amounted to 
£57 450; over £9000 had been written off the lease of 
4 Grosvenor Gardens during the last four years, so 
that the value of the lease had been written down to 
£35 500, which he though was very satisfactory. 

It was appropriate to say a word about the future. 
It was anticipated that during the current year main- 
tenance of Institute activities at full level would result 


been 


in an excess of expenditure over income of the order of 


£4 000. On the other hand, in 1960, if the Council’s 
recommendations were adopted, it was estimated that 
there would be a reasonable surplus after making full 
provision for all foreseeable expenditure, including the 
increased size of publications which was likely to be 
required. 

In presenting the accounts of the Trust Funds, he 
need only refer to the Andrew Carnegie Research Fund. 
Some years ago there had been difficulty in using the 
money to advantage. During the last year or two, 
substantially more applications for grants had been 
received than could be met out of current income. They 
had, therefore, had to be considerably more selective 
in making awards. 

He would be pleased to answer any questions that 
might be asked with regard to the Accounts. 

The motion for the adoption of the Report of Council 
and the Statement of Accounts was carried unanimously. 


MEMBERS’ SUBSCRIPTION RATES 

The President said that, as Members were aware, a 
circular had been issued to inform them that the Council 
had reluctantly come to the conclusion that an increase 
in subseription rates could not longer be postponed. 
The present rates had been in force since January, 1949. 

Before proposing the required Resolutions, he wished 
to tell Members that it was the intention of the Council 
also to amend the regulations for Associate Membership. 
The effect of the proposed changes was that from Ist 
January, 1960, those whose age did not exceed 25 would 
eontinue to pay the same subscription as at present; 
those who were between the age of 25 and 28 would pay 
one guinea a year than now; full Members who 
were over the age of 28 would be asked to pay one 
guinea a year more than at present. 

The President then formally moved: 


less 


(1) That as from the Ist January, 1960, the annual 
subseription payable by ordinary members be in- 
creased to £5 58 and the annual subscription payable 
by associate members whose age exceeds 25 years be 
£3 3s. ‘ 

(2) That as from Ist January, 1960, any ordinary 
member whose subscription is not in arrear may at 
any time before the 30th June in any 
elected after that date in the year, within one month 
of his election, compound for his subscription for 
subsequent years on payment according to the follow- 
ing scale: 


Up to 29 years of age £8 
From 30 to 39 years of age £79 
From 40 to 49 vears of age £70 
From 50 to 59 years of age £61 
From 60 years of age and upwards £52 
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Provided that the passing of this Resolution shall 
not prejudice the validity of any composition duly 
effected according to the scale set out in Bye-Law 21 
of the Institute’s Bye-Laws. 

Mr W. Barr, 0.8.£., in seconding the resolution, said 
that Members would appreciate that there were very few 
Institutions which had not increased their subscriptions 
over the last ten years. He felt that 
timed very well, because it coincided with the new regu 
lations under the Finance Act which enabled Members 
to get an income tax rebate on the subscriptions. 

He wished to emphasize that in making these altera 
tions they were catering for the younger Members. The 
fact that the younger Members were not being called 
upon to pay more was a point of advantage. 

The resolution was carried unanimously. 


this increase was 


PRESENTATIONS 
Diploma of Honorary Membership 


The President said that it was now his very pleasant 
duty to present a Diploma of Honorary Membership 
to their very good friend, Mr Ingen-Housz, who had been 
his predecessor in the Presidency and who was well 
known to the Members of the Institute and indeed to 
all those concerned with the and industry 
throughout the world. Mr Ingen-Housz had been, until 
recently, President of the Royal Netherlands Blast 
Furnaces and Steelworks Ltd. He had been a Member 
of the Institute since 1931. No man had given more 
enthusiastic support to the Institute than Mr Ingen 
Housz, and it was with very great pleasure that he handed 
to him the Diploma of Honorary Membership. 

Mr A. H. Ingen-Housz said that he had always 
served the Institute with the greatest pleasure, but he 
did not understand that he had served it 
he deserved this very great honour. 


steel 


iron 


so well that 


Bessemer Gold Medal for 1959 


The President announced that the Gold 
Medal for 1959 had been awarded to Professor Count 
Bo Kalling of Sweden in recognition of his distinguished 
contributions to the physical chemistry of steelmaking 
and to the development of new processes in the making 
and treating of steel. 

Professor Kalling was well known to all the Members 
of the Institute, if not personally, by repute, and those 
who had had the pleasure of knowing him personally 
took particular pleasure in this award. 
Kalling’s record was one of great distinction. In 1916 
he had the Domnarvet iron and steelworks, 
where he had been concerned with the electric reduction 
furnaces; in 1918 he had gone to Ferrolegeringar (Troll 
hattan) for research on ferro-alloys; in 1924 he had 
gone to Avesta Jernverks, where he had studied stain 
less steel; in 


Bessemer 


Professor 


gone to 


1931, he had been appointed Professor 
of Ferrous Metallurgy at the Royal Institute of Tech 
nology, Stockholm; in 1940, he had become Director of 
Research, Bolidens Gruv; and in 1945 he had been made 
Director of Research at Domnarvet for Stora Koppar 
bergs Bergslags, where he had stayed until 3lst Decem 
ber, 1958. 

Professor Kalling had made distinguished contribu 
tions to the physical chemistry of steelmaking, desul 
phurization, and the Kaldo process for refining phos 
phorus pig iron in a rotating furnace with the aid of 
oxygen. In 1957 he had the 
Gold Medal, with chain. 

Professor Kalling was indeed a very distinguished 
and worthy recipient of the Bessemer Gold Medal. 

Professor Count Bo Kalling said that it was a great 
honour and a source of immense gratification to be 
awarded this high distinction by the Institute. 


received Jernkontoret 
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He was happy and proud to be included among those 
metallurgists of outstanding merit both inside and out 
side the UK who had been awarded the Bessemer Gold 
Medal in the past. 

Kalling continued: There is point 
I should like particularly to stress. It for me to 
judge how far I have merited this great distinction, but 
I would strongly emphasize that hardly any results of 
importance are achieved from research nowadays that 


Professor one 


is not 


are not the outcome of close co-operation between a 
number of scientists working together. If my activities 
have led to any results of value, this is primarily because 
I have always had the advantage of receiving a powerful 
and from my skilled colla- 


stimulus encouragement 


borators.” 


Sir Robert Hadfield Medal for 1959 


The President announced that the Sir Robert Hadfield 
Medal for 1959 had been awarded to Mr A. 
the United Steel Companies Ltd, for his notable contri 
butions to metallurgy and metallurgical education and, 
in particular, the advancement of the manufacture of 
steel from phosphoric pig iron by the open-hearth tilting 
furnace, culminating in the development of the Ajax 
oxygen process. MrJackson had recently been appointed 
adviser on steel to the United Steel Companies Ltd. 

A great many Members of the Institute knew Mr 
Jackson very well. He asked Mr Jackson to 
the Medal, knowing that he had a host of friends within 
the Institute and that they wished to acknowledge the 
sound work that he had done. 


Jackson, of 


receive 


WILLIAMS PRIZE 
The President presented a Williams Prize for 1958 of 
£100 to Mr H. C. Child, of Jessop-Saville Ltd, for a 
paper on * Vacuum-melting of steels,” which had been 
published in the Journal for 1958. The 
co-author, Mr G. T. Harris, 


December, 
was not eligible 


ANNOUNCEMENTS 


The Secretary made the following announcements: 


Andrew Carnegie Silver Medal for 1958 

An Andrew Carnegie Silver Medal for 1958 had been 
awarded to Dr P. VasupDEVAN (formerly at the Uni 
versity of Manchester), who could not be present, for 
his report on “ The kinetics of bainite formatiou in a 
plain carbon steel.” (The co-authors Mr L. W. Graham 
and Mr H. J. Axon were not eligible.) The report had 
been published in the Journal in December, 1958. 


Ablett Prize 

No award had been made for 1958 of the Ablett Prize 
for a paper on engineering in iron and steelworks by an 
author under the age of 35. 


Retiring Members of Council 


In accordance with Bye-Law 10, the names of the 
following Vice-Presidents and Members of Council had 
been announced at the Autumn Meeting, 1958, as being 
due to retire at the present Annual Meeting: 

Vice-Presidents: Mr E. T. JupGcre, Mr F. H. SANITER, 
and Dr C. SyKES, F.R.S. 

Members of Council: Mr C. H. T. Witiiams, Pro 
fessor A. G. QUARRELL, Mr B. CHETWyND TALBOT, 
Mr E. W. CoLBeck, and Lt.-Com. G. W. WELLS. 

No other members having been nominated up to one 
month previous to the present meeting, the retiring 
Vice-Presidents and Members of Council were held to 
be re-elected. 
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Changes on the Council 

the last General Meeting on 

1958, with effect from 6th May, 1959 
Honorary Treasurer: 
Vice-Presidents : 


Since 10th December, 
Sir JuLIAN Pope 

Mr B. CHETWYND TALBO' 
Mr C. H. T. WriLtiiaMs 
Major W. R. Brown, D.s.0 
Mr T. R. CRAIG, O.B.E., T.D 


Members of Council: 


Additional Honorary 
Members of Council: Dr N. P. ALLEN, F.R.S 
Mr A. JACKSON 


Since the last General Meeting on LOth December 
1958: 
Honorary Members of Council: 
Mr H. E. GresHam, President of the East Midlands 
Metallurgical Society, in place of Mr N.S. Angus. 
Mr B. Ryan, President of Liverpool Metallurgical 
Society, in place of Dr C. Bodsworth. 
Professor A. G. QUARRELL (a Member of 
President of the Sheffield Metallurgical 
m place of Mr R. C. Baker. 
Mr H. Buty, President of the Sheftield Society of 


Metallurgists, in place of Mr Ek. D 


Couneil), 
Association, 


Engineers and 
S001 (deceased). 

Professor RK. Hicorns, President of the 
and District Metallurgical Society, in place of Mr J. 5S. 
Caswell. 


Swansea 


Dates of Meetings 
Autumn General Meeting, 1959, in London, in 
junction with the Engineers Group, from 2nd to 4th 


December, to include discussions on forging and extru 


con 


sion. 

Twelfth Hatfield Memorial Lecture in 
24th November, 1959. An invitation 
by the University of Sheffield, on the recommendation 
of the Lecture Committee, to Academician G. Kurdjumov, 
Director, Institute of Metallography and Metal Physics, 
Central Institute for Lron and Steel Research, Moscow 
invited to 


Sheffield on 


has been issued 


Academician Kurdjumov has also been 
lecture in London during the Institute 
Meeting, 1959. 

Mr G. Adaryukov, 


and a member of the 
USSR, 


*s Autumn General 


Ironmaking Division of Cosplan 
Editorial Board of Metallurg. 
invited in with BISRA, 
to give one or more lectures on blast-furnace practice 
during October. 1959. 

Annual General Meeting, 1960, in London, from 4th to 
6th May, to include a symposium on wide strip. 

Joint Meeting with the Society for Analytical Chemistry 
and The Institute of Metals on the determination of 
gases in metals in May, 1960, possibly at the 
the Annual General Meeting. 

Additional meetings of the Engineers Group include 
Junior Enyineers in Glasgow on 28th and 29th October, 
1959, by invitation of Colvilles Ltd and 
London in March, 1960, to discuss plate mills. 


has been conjunction 


time of 


meeting WU 


REPORT 


President 


ON FUTURE ACTIVITIES 
made 


The 
Special Meetings 


the following announcements 


There was to be a meeting on the North-East coast 
from 6th to 10th July. A circular had been issued, and 
an excellent programme had arranged. They 
were very grateful to their friends on the North-East 
coast for making the preparations, and he was sure this 
would be an extremely pleasant and interesting visit 

From 29th May, 1960, by invitation of Associazioné 
Italiana di Metallurgia, there was to be a meeting in 
Italy. The invitation to hold a meeting in Italy had 
been accepted, it would begin in Milan on 29th May, 


been 
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and there would also be visits to works near Turin, 
Genoa, Rome, and Naples. The programme was being 
devised so that Members might take a week or more 
according to their inclinations, and the programme 
would be expandable both geographically and by time. 

In the autumn of 1961, by invitation of the Metal- 
lurgical Society of the American Institute of Mining, 
Metallurgical, and Petroleum Engineers, it was planned 
to hold a meeting in the USA. The Council had given 
a good deal of thought to the possibility of holding a 
meeting in the USA. They were all agreed that it was 
most desirable from many points of view that they should 
have a meeting there. Accordingly it was with very 
real pleasure that he could tell Members that an invitation 


had been received from the Metallurgical Society of 


AIME. That invitation had been accepted. 

They had close and friendly relations also with other 
societies in the USA and they hoped that some of those 
would be associated with the meeting. The Secretary 
of the American Iron and Steel Institute had said that 
that important organization would be very happy to 
assist in making the arrangements for plant and labora- 
tory He had offered also to participate in the 
planning of the technical programme. This was most 
satisfactory. 


visits. 


It was hoped that before long arrangements would 
also have been made for participation by the American 
Society for Metals. 

This was only a preliminary intimation, but the Coun- 
cil had thought that it would be helpful to Members 
to know well in advance that arrangements were in 
hand for a meeting of the Institute in the USA in the 
autumn of 1961. 

He was sure that all Members would wish to join with 
him in expressing appreciation to their American friends 
for their initiative in issuing their cordial invitation. 

He added that Mr Barr and himself had accepted 
invitations to attend the meeting of the American Iron 
and Steel Institute which would be held in New York 
later this month. 


Translation of Russian periodical ‘ Stal’ 

At the suggestion of DSIR the Institute had arranged 
to translate the Russian periodical ‘Stal’. This was 
one of the leading journals in the world on iron and steel- 
making. The translation of the issue for January, 1959, 
would be available in a few weeks and would be followed 
shortly by issues for the following months. 


Staff appointments 

The Council had, on the recommendation of the Secre- 
tary, approved the following changes in staff appoint- 
ments: 

Mr A. J. Post, at present Assistant Secretary, to be 
Deputy Secretary. 

Mr H. F. CLEERE, at present Production Editor, to 
be Assistant Secretary and Executive Editor. In the 
latter capacity he would remain responsible to Mr 
Kk. R. Morr, Managing Editor. 

Mr R.J. D. HARVEY, at present an Assistant Editor, 
to be Production Editor. 


Proposed Memorial to Sidney Gilchrist Thomas 

The Newport and District Metallurgical Society had 
made proposals to the Institute for a Memorial to Sidney 
Gilchrist Thomas, which the Council had 
and were proposing to support. Discussions would take 
place with the Newport and District Metallurgical Society 
as to details. 


ce msidered 


ELECTION OF MEMBERS 


The scrutineers reported that the following candidates 
for membership had been duly elected: 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


REPORT OF ANNUAL GENERAL MEETING, 


1959 


Members 


Akerlow, Earl V., (Oakland, Calif., USA); Andrejevié, George, 
(Belgrade, Yugoslavia); Arregui Sabarte, Pedro, (Bilbao, Spain); 
Ballantyne, William Brian, t.1.M., (Germiston—TVL, South Africa); 
Barr, William, n.sc., (London); Beaujean, Robert, N.1.p. (Seraing, 
jelyium); Beek, Eugen Hans, (Diisseldorf, Germany); Bentley, 
James Tomlinson, M.sc. (rEecH.), (Stafford); Bernard, John Wilson, 
Saltburn); Bersoux, Henri C. E., (Grivegnée, Belgium); Bianchini, 
Osvaldo, pR. rnc., (Genoa, Italy); Bigas, (Moselle, France); Billings, 
George Henry, (Stoke-on-Trent); Boos, Herbert, DIPL.ING., 
kirchen, Germany); Boucheny, Louis, (Paris, France); Boutigny, 
tobert, (Paris, France); Brooks, G. W., 8.S.(MET.ENG.), (Houston, 


Celsen 


Texas, USA); Browne, Michael W oodthorpe, B.A., (London 2 
Bunyan, John, M.B.E., B.SC.(ENG.), DIPL.R.T.C., (Brighton); Capus, 
J. M., g.sc.(Hons.), PH.p., (Birmingham); Carion, Robert Fernand 


Léon Auguste Willy, (Grivegnée, Belgium); Carney, Dennis J., B.s., 
(Duquesne, Pa., USA); Chakrabarty, Surja Kumar Sarma, (Bilston); 
Clark, Sydney Townsend, 0.8.£., (Luton); Cochrane, Derek Leslie, 
(London); Colmant, Gaston, (Paris, France); Cooke, Koyce Douglas, 
(Sheffield); Davies, Joan, (Newport); Decamps, Georges, (Moselle, 
France); Douglass, Gordon, s.sc., (Middlesbrough); Duncan, 
Basil James, (Huddersfield); Eade, Graham Arthur, B.a., (Holm 
firth): Eastwood, Donald Rex, (Sheffield); Efjestad, Wagfin, 
(Oslo, Norway); Enegren, Uno, (London); Epure, Stefan, M.s.(MECH 
ENG.), PH.D., (Los Angeles, Calif., USA); Estruch-Subirana, Benja- 
min Joseph, PH.D. (Billingham); Evans, Edrydd, (London); Firket, 
A., (Seraing, Belgium); Flavell, H., (Loughborough); Frazier, 
Robert H., 8.8.(MET.ENG.)., (Youngstown, Ohio, USA); Freeze, 
Jonathan Douglas, (London); Frehser, Josef, DR.1ING., (Kapfenberg, 
Austria); Fromson, Howard Arthur, (New York, NY, USA); Geijer, 
Ernst, (Riverton, NJ, USA); Gendle, James William, A.M.1.MECH.E., 
(Middlesbrough); Ghose, Aurobindu, (Glamorgan); Gribble, Donald 
Cecil Edward, B.s« (London); Grinter, Brian Joseph, L.1.M., 
(Swansea); Guhathakurta, Manoj Kumar, (Calcutta, India); Gyéng- 
yosi, Nandor, (Budapest, Hungary); Halmos, George T., (Toronto, 
Ontario, Canada); Hammarlund, Per-Erik, M.S¢ Vasteras, 
Sweden); Hamou, Albert, (Rabat Chellah, Morocco); Harr, Albrecht, 
DR.ING., (Dortmund, Germany); Harris, Max, B.sC.(ENG.), A.1.M., 
(Johannesburg, South Africa); Hauttmann, Hubert, pr.inac., (Linz 
Donau, Austria); Heck, Klaus J. E., pipu.1na., (Zurich, Switzerland); 
Heynert, Gerhard, pr.mG., (Duisburg-Ruhrort, Germany); Hicks, 
Lawrence Whitby, a.MET., A.1.M., (Sheffield); Hocking, 
Samuel, (Dagenham); Holland, Cecil Bernard, B.s« HONS., 
(Wednesfield, nr. Wolverhampton); Homes, Georges A., DR.-28-sC. 
Charleroi, Belgium); Hudson, William John, B.sc.(eNG.MeET), 
A.R.S.M., (Hamilton, Ontario, Canada); Hughes, John Grosvenor, 
4.M.1.E.E., (Stafford); Jaffe, John Walter Paul, M.A., A.M.INST.C.E., 
A.M.LLSTRUCT.E., (London); Jones, Eric Gwynne, (Llanelly); Jones, 
T.. (Grangetown, Middlesbrough); Kalling, Ulf, (Stockholm, 
Sweden); Labrum, E., ¢.G.1.a., A.1.M., (Dagenham); Landuyt, 
Miriam M. (Mrs), bB.s., (Peoria, Ill., USA); Lanzing, Paul Willem 
Anton, (IJmuiden, Holland); Leslie, William Cairns, #.MeErT.F., 
M.SC., PH.D., (Monroeville, Pa., USA); Lewis, John T., (Bournemouth, 
Hampshire); Love, Leonard Fernley, A.M.1.8.£., (Stafford); McKelvie, 
(Normanby, nr. Middlesbrough); Malcolm, Victor, 
m.A., (London); Matthews, Bernard Charles, a.i1.m., (Walsall); 
Meier, Walter, pirw.iNG., (Ziirich, Switzerland); Mellere, Carlo, 
(Genoa-Cornigliano, Italy); Metcalfe, Kenneth, B.sc., A.R.1.c., F.1.M., 
(Edgware); Montero Aires, Jose, (Trubia, Spain); Mukerji, Mohi 
Mohon, m.s., (Drug, India); Newkirk, John B., p.sc., M.s., B.MET.1 

(New York, NY, USA); Nicolelis, Efthemius H., m.s., (Brooklyn, 
NY, USA); Nisbet, D. R. M., 4.R.0.8.7., A.M.1.E.E., (Scunthorpe); 
Noel, Emmanuel A. L., (Seraing, Belgium); Palazzi, Aurelio, p.cHEM., 
(Genoa-Cornigliano, Italy); Patrick, Terence George, (Thorncliffe, 
nr. Sheffield); Percival, Frederick William, (Dowlais); Plockinger, 
Erwin, pR.MoNT., (Essen, Germany); Ponniah, T. Frederick, 
B.E.(MECH.ENG.), (Port Kembla, NSW, Australia); Pouney, John, 
B.sc., (Port Talbot, Glamorgan); Redway, Paul Warwick, T.p., J.P., 
(Saltburn-by-the-Sea); Reside, William, (Glasgow); Richards, 
Robin Owen, D.S.C., M.A., ASSOC.M.INST.GASE., M.INST.F. (London); 
Ridout, Philip James, .1.mM., (Birmingham); Roze, Horace Carlyle, 


James 


(ENG 


James, B.SC., 


(London); Saunders, Peter, (London); Schees, Pierre, (Tilleur, 
Belgium); Shaw, Bernard, Jasildon, Essex); Sheriff, Graham, 
L.i.M., (Nottingham); Singh, Balwant, B.a., (London); Skelly, 
George Arthur, (London); Slack, Linton Lewendon, (Pontypridd, 


Gilbert Lobert, 


Thomas 


Glamorgan); Speich, p.sc., (Monroeville, Pa., 
USA); Stanistreet, James, (Stoke-on-Trent); Starratt, 
Fred Weston, Jr., M.A., B.S., (New York, NY, USA); Stassin, G., 
(Charleroi, Belgium); Stewart-Jones, Edward Thorold, (Redditch); 
Stitt, Robert Ellsworth, p.sc.(MeT.), (Munhall, Pa., USA); Stouff, 
René Charles, (Paris, France); Studley, Thomas, B.sc., A.1.M., 
\.INST.P., (Newport); Syme, David McDonald, B.sc., A.R.C.s.T., 
(Motherwell); Varley, Philip Copley, M.B.E., T.D., M.A., F.I.M., 
(Gerrards Vayda, A., (Paris, France); Vecchietti, Luigi, 
(Varese, Italy); Vickers, John Bernard, M.MET., F.1.M., (Sheffield); 
Vilain, Arthur J. E., (Mons, Belgium); Warebrook, Keginald 
Harold, a.mM.1.mecu.£., (Haulbowline, Co. Cork, Lreland); White, 
Carol Henry, M.MET., A.1.M., (Sheffield); Willems, Jacob, pipL.cHEM., 
DR.RER.NAT., (Diisseldorf, Germany); Williams, Alan Edwin, 
A.M.I.E.E., (Bedford); Willmer, Stanley Wood, (Corby); Wilson, 
Tom Maddison, (Thornaby-on-Tees); Wood, Harleston R., 


Cross): 
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(Conshohocken, Pa., USA); Wrangham, Cuthbert Edward, c.s.r., 
B.A., (Stockton-on-Tees); Zehringer, Pierre, (Paris, France) 


Associate Members 


Alexander, James David, (Sheffield); Baker, Robert, (Sheffield 
Bentley, Kenneth Paul, (Cambridge); Brown, Alan John, B.a.(HONS 
(Corby); Brown, Henry Tarbitt, (Nottingham); Daniell, KE. Rk 
(Chesterfield); Davies, Byron, (Swansea); Davies, Dillwyn Morgan, 
B.sc., (Oxford); Evans, Christopher John Gillingham, (Cambridge 
Gittins, Anthony, (Sheffield); Green, Ronald Pattinson, 8.sc., (Lon 
don); Hogg, James Sinclair, s.sc., (Glasgow); Johnson, John 
Henry, (Bilston); Lyne, Michael, (Swansea); Makower, Michael 
Stanley, (Cambridge); Morris, Alan William Henry, (Birmingham); 
Nicholas, Colin John, (Swansea); Osborne, Francis John, B.sc., 
(Cambridge); Paramahamsa, Nishtala Ramakrishna, B.sc., B.TECH 
(HONS.)(MECH.ENG.), (Fort Vizianagram, S.E. Rly., India); Parker, 
Roger Hill, B.a., (Shotton); Patrick, Brian, (Nottingham); Roberts, 
Colin, (Swansea); Romer, Hugh Frank, (Cambridge); Rothwell, 
George Peter, (Cambridge); Shillitoe, David Rickman, (London); 
Sidey, Paul, (Swansea); Spira, Terence Anthony, (Hayes); Tuffrey, 
Anthony, (Nottingham); Wright, Michael George, (Swansea); 
Wynblatt, Paul, m.sc., (Rehovot, Israel); Zia-ul Haq, A. H. M., 
B.SC.(ENG.MET.), (Lahore, West Pakistan). 


The President declared the applicants duly elected; 
they numbered 128 Members and 31 Associate Members 
and the total membership of the Institute was now 5 052. 

INDUCTION OF NEW PRESIDENT 

The retiring President (Mr C. R. WHEELER, C.B.E.), 
before inducting the President-Elect into the Chair, 
spoke of him as an outstanding metallurgist, well 
known throughout the UK and the world. 

He added: ** [ say with sincerity that I know that, in 
electing Mr Barr as our President for this year, we have 
a man of distinction, sterling worth, and charming 
personality.” 

VOTE OF THANKS TO THE RETIRING 
PRESIDENT 

The new President (Mr W. Barr, 0.8.£.), said that his 
first Presidential duty was a very pleasant one; it was to 
thank the retiring President, Mr Wheeler, for all that 
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he had done. He had come to the end of a highly suc 
cessful Presidential year, and had been indefatigable in 
his attention to the day-to-day work of the Institute, 
and had travelled far and wide representing the Institute 
at various important technical functions both at home 
and abroad. 


The vote of thanks was seconded by the Hon. R. G. 
Lyttelton (Past-President) and carried with acclamation 


PRESIDENTIAL ADDRESS 
The President then delivered his entitled 


‘* Progress in the development and application of steel 
plates ” (JIST, 1959, vol. 192, June, pp. 1090-117) 

A vote of thanks to the President for his address, pro 
posed by Mr D. A. Oliver (Vice-President) and seconded 
by Mr E. T. Judge (Vice-President) was carried with 


acclamation. 


address 


TECHNICAL SESSIONS 
A number of papers were presented and discussed at 
technical sessions on both days of the meeting Details 
were given in the News section of the April issue of the 
Journal (p. 390). Reports of the discussions will be 
published in the Journal later this year. 


DINNER FOR MEMBERS 


The annual Dinner for Members was held at Grosvenor 
House, Park Lane, London, W1, on the evening of 
Wednesday, 6th May, and was attended by about 1 500 
Members and guests. The toast of ‘* The [ron and Steel 
Institute ’’ was proposed by the Rt Hon. J. 8S. Macray, 
P.C., C.M.G., Secretary of State for Scotland; the Presi 
dent replied. The health of the guests, proposed by 
Sirk CHARLES GOODEVE, O.B.E., F.R.S. (Vice-Presi 
dent and Director of the British Iron and Steel Research 
Association) was replied to by His Excellency Dr A. J. 
Clasen, DR. ING., D.Sc., (Ambassador to the Grand Duchy 
of Luxembourg). . 


D.SC., 





Stal in English 





The publication of Stal in English has been delayed owing to the printing dispute. 


Stal in English (2) appeared at the beginning of September; the main contents are given 


below. 


Full details of subscriptions to Stal in English are available from the 


Secretary of the Iron and Steel Institute. 


IRON AND STEELMAKING 


the stack N. N. 


Gas-flow distribution in blast-furnace 
Babarykin. 

Operating experience with a covered ore-fines stockyard, 
P. A. Gorbunov and A. S. Sazonov 

Hot-metal ladle operation in the Magnitogorsk blast-furnace 
shop. G. I. Gerasimov et al. 

Converting a 400-ton open-hearth furnace to sulphurous crude 
oil firing. F. D. Voronov, E. I. Dikshtein, K. A. Zuts, and 
A. G. Trifonov. 

Heterogeneity in transformer-steel ingots. N. F. 
et al. 


ELECTROMETALLURGY 


Improved methods of melting transformer metal. NV. V. 
Keis, D. G. Zhukov, and A. M. Khizhnichenko 

The mechanism of the influence of magnesium on steel. J. A. 
Andreev and A. Ya Borisov. 


ROLLING AND TUBE PRODUCTION 


Rationalized roll-pass design in continuous billet mills. M. J. 
Boyarshinov and I. P. Shulaev. 

Increasing the life of cogging-mill rolls by work-hardening. 
L. V. Andreyuk. 

Flame scarfing stainless and 
Gololobov and B. M. Latvinov. 


Dubrow a 


steels. _. Z. 


heat-resistant 
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METAL SCIENCE AND HEAT TREATMENT 
Generating a protective atmosphere for 
F. | Ze ncehenko and Ya, A Peke r 
Tellurium in steel. Ya. E. Gol’dshtein. 
Structural stability and properties of heat-resistant chromium 


steels. A. V. Merlina and A. M. Borzdyka. 


bright annealing 


ECONOMICS AND ORGANIZATION 


Labour productivity at iron and steelworks. B. B 
and R. S, Geifman. 


Rozin 


METALLURGICAL HEATING TECHNIQUES 
Experience in the use of recuperative soaking pits. M. E. 
Boikov et al. 


Aerodynamics of bell-type furnaces for bright 
V.. Mitkalinny and N. G. Molchanov. 


annealing. 


FOUNDRY PRACTICE 

Medium-sized ingot moulds in spheroidal graphite cast iron 
A. V. Bobrov and A. A. Sinitayn. 

POWER AND PLANT 


Cleaning the top 
M. M. Zaitser et al. 


gas from ferromanganese production. 
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PAPERS AND REPORTS 
RESEARCH AND PRACTICE 


ON 


Plant Operation . Research 


Further experience with the Kaldo process 


By Bo Kalling and Folke Johansson 


AT THE MEETING in Liége last vear that was jointly 
arranged by The Iron and Steel Institute and the 
Belgian CNRM, the authors had the opportunity to 
present the results by then attained with the Kaldo 
process. Since then, however, new experience has 
been gained which may well account for again giving 
a summary of the features of the process, its latest 
development and future prospects Regarding the 
ordinary operations practice of the process, reference 
is made to previous publications® ® from 
l and 2 have been taken 


which Figs. 


HEAT ECONOMY 

Characteristic of the process and of great importance 
for its economy is the possibility of burning inside the 
furnace all or at least the main part of the carbon 
monoxide generated during the blow. To 
heat developed in this way for the process, the furnace 
has to be kept in rapid rotation so as to achieve good 
heat transmission to the bath and, at the 
protect the furnace lining against overheating. At 
oxygen processes in stationary furnaces it has not 


itilize the 


same time, 


proved possible to utilize the combustion heat of 


the carbon monoxide for the itself to 
considerable extent 

The percentage analysis of the pig 
used at Domnarvet is as follows 


C Si Mn P 


8-6 0-3 0-7 1-85 


process any 


iron normally 


When cooling by 140 kg/ton of pig 
usually added at Domnarvet in addition to about 
150 kg of lime, necessary for the slag formation. The 
which increases the output of 


ore, ron are 


ore contains 60°, Fe 
steel by about 80 kg/ton of pig iron. These results 


Paper presented to the Annual General Meeting of the 


Institute. Mav. 195%. 

Professor Kalling was until this vear Director of Re 
search at Stora Kopparbergs Bergslags AB and M1 
Johansson is a member of the research staff 
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sy NOPSIS 


nin use at Domnarvet since May. 1956 


The Kaldo process has bee 


and some 200 000 tons of ingots have been produced, mainly from 


pig iron containing 1.85°,,P. although a low-phosphorus pig iron 


has also been satisfactorily treated. As most of the carbon monoxide 


produced during the blow is burnt to carbon dioxide, heat economy 


is considerable and much iron ore and scrap can be charged during 


the run. Iron losses in the slag are very low, and the iron yield is 


about 90 desulphurization is very effeciive and nitrogen pickup 


is extremely small. Control of the process is very accurate and 


tapping temperature and chemical analysis can be kept within close 


limits, so that recarburization is not necessary Refractory life 
has been linprove 1 from 50 heats per lining to 70, longer life is 
hope 1 for. but in spite of the high cost of refractories the cost of 
Kaldo steel has been brought below that of basic Bessemer The 


steelis of good quality and several customers find it highly suitable 
for deep-drawing: at Domnarvet itself the material is largely used 
for ship-plates. for which its high impact-ductility, even after strain 


ageing, and its good weldability make it extremely suitable 1727 











Fig. 1 -30-ton Kaldo furnace 
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Fig. 2. Kaldo furnace in operation at Domnarvet 


are obtained when burning on an average 75°, of the 
carbon monoxide inside the furnace. 

When refining low-phosphorus pig iron containing 
about 4-0°.C and 1-0°,Si, at least the same quantity 
of ore can be added. 
has been found possible to add 600 kg ton of pig iron 

The quantities of cooling agents which can be added 
different conditions during the course of the 
will be examined later 


Using scrap instead of ore, it 


under 
blow, 

Table | gives the theoretically gener>ted heat per 
kilogram of C, Si, Mn, P, and Fe. Deductions have 
been made for the quantity of heat that is bound in 
the reaction products and therefore cannot be utilized 


for the process. 


The composition and the assumed 


temperature of the reaction products have also been 
indicated in the table The table shows that four 
times as much heat can be utilized, if the 
burnt to CO, instead of CO inside the 
Figure 3 
mononide 


carbon is 
9 furnace 
shows the available heat, if the carbon 
is only partially burnt. This diagram is 
instructive, as a comparatively small combustion of 
CO to CO, is also achieved in other pneumatic pro 
in the Kaldo process it is not 
always possible to burn the carbon monoxide com- 
pletely. It is quite apparent from the diagram how 
much heat the carbon combustion gives, if the com 


cesses and, moreover 


position of the exhaust gases is known 
Table | also shows that it is possible to utilize 37 


TABLE I 


Available heat from hot-metal component 


Available 
heat, 
kcal kg elem 


Gas Slag 
temp., temp., 
Cc Cc 


Element Reactions 


-co 
~Cco 


1 600 
1 800 


1 5CaO.SiO 500 
- 3CaO.SiO 600 


3Ca0.P,O 600 


Mno 600 


FeO 600 
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x 


Fig. 3 Available heat from carbon by refining with 
oxygen 
more heat from the silicon content of the pig iron if 
the silica formed is bound in a low slag which 
is tapped off at 1500° C than if the 
the furnace till the end of the 
to be 
It has proved advantageous also from other points 
of view to tap off the pre-slag after oxidation of the 
silicon, when high-silicon pig iron is used in the Kaldo 
Thus a better heat also be 
expected from the silicon than in other processes 
is tapped off 


has he en 


basic 
silica remains in 
blow when the slag has 
to bind phosphorus and sulphur 


more bask 


process efency can 
where no pre-slag 

In Fig. 4 a the heat 
available for scrap or ore melting when using pig iron 
of different compositions. In preparing this diagram 
it has been assumed that 80°), of the carbon has been 
burnt to CO, which, according to Table I, corresponds 
to about 5 300 keal kg C 
is 4 600 keal/ke which is somewhat above 


summary made of 


For silicon, the estimate 
the average 
of the two values, computed according to Table I 


and consequently implies that the major part of the 














( ‘ Ay 4 r eg a 


Fig. 4-Available heat for melting scrap and ore in the 


Kaldo process 
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TABLE Il 
Example from desiliconizing in the Kaldo furnace 





Charged: 25 700 kg of hot metal 
500 ., ., lime 
165 ,, ,, sinter (cold furnace 
Blowing: 440 nm’ O, for 9 min 
Extra rotation without any ©, for I min 


Metal analysis, “, Cc Si Mn P Ss 
Before blowing 408 0-91 1:08 ©6160 0-041 
After ” 3:76 000 O71 0-194 0-623 


Slag analysis, ° CaO 


MgO 
| After blowing 467 


449 


SiO, 
38-2 


P.O, MnO 
0-0: 7:2 


———————— —_ 





silica shall be removed in a pre-slag. Also for phos- 
phorus, 4600 kcal have been reckoned with, which 
is lower than the theoretical but more in accordance 
with practical experience, since a high-phosphorus 
slag always demands a certain excess of lime to effec- 
tively bind the phosphorus. 

After summing up the available heat from the 
carbon, silicon, and phosphorus reactions, deductions 
have been made for the heat that is required to raise 
the temperature of the melt from 1 300° to 1 600° C, 
Furnace losses and some other losses, for instance 
those due to impurities in the lime, have not been 
taken into account. These are, however, partly 


covered by the surplus heat from the oxidizing of 


manganese and some iron. When applying the 
diagram to heats in the 26-ton Kaldo furnace at 
Domnarvet, where cooling is mainly done by scrap, 
it has proved that the heat available for scrap melting 
is about 20 kcal lower than the calculated heat, 
corresponding to about 60 kg scrap/ton of hot metal. 
However, in a 100-ton furnace designed for quick 
charging of scrap and other additions, the expected 
surplus heat can be obtained from the diagram. 
Applied to pig iron with 4-0° C, 1-0%Si, and 
0-22°,P, which is refined to steel with 0-1%C and 
0-02°%,P, a surplus heat of 223 kcal/kg of pig iron 
is obtained according to the diagram which is sufficient 
for melting 670 kg of scrap per ton of hot metal. 
When cooling by ore, it is difficult to burn the 
carbon monoxide as completely as when cooling by 
scrap. When the ore is charged at the start or in a 
few large additions during the blow, the generation of 
carbon monoxide becomes so intense that it will be 
difficult to combust all the gas. A continuous feeding 
of ore, however, gives a more uniform reaction and 
improves the heat economy. As soon as the equipment 
for a more continuous ore charging now being 
designed, can be brought into use, we expect a better 
heat economy also at ore cooling. To enable the use 
of rich and at the same time cheap cooling ore, a 
practical charging device ought also to be adaptable 
for charging of ore concentrates. The large quantities 
of scrap that can be melted in the Kaldo process allow 
remelting of all scrap in integrated steel plants, and 
special steel furnaces for scrap melting are therefore 
not required. : 
The saving obtained by the additions of ore and 
scrap respectively, can be calculated approximately in 
the following way. If cooling is done by ore at a price 
of £6 per ton of iron content and the price of hot 
metal is supposed to be £20 per ton, a gain of about 
28s per ton of pig iron is obtained at a reduction of 
100 kg Fe from iron ore. On the other hand, if 
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TABLE Ill 
Calculated metal yield for different operation conditions 





High phos. Low phos. 


Hot metal type 
| 


Metal analysis 40°C 
10°, Si 
0-2%.P 


Scrap cooling 

Per 1 000 kg of steel: Hot metal, kg 670 
Scrap , 4 398 
Total 1 068 
Metal yield 93-6 
Ore cooling 

Per 1 000 kg of steel: Hot metal kg 1010 
Fe from ore,, 85 
Total 1095 


Metal yield 913 





remelting of scrap in another furnace would cost, for 
instance, £2 per ton, 27s/ton of pig iron can be saved 
by remelting 670 kg/ton of pig iron in the Kaldo 
furnace. The amount of cooling agents that can be 
added is, consequently, of great economic importance. 
Naturally, it depends on the raw material costs and 
the local conditions which cooling agent gives the 
greatest saving, and it must therefore be calculated 
in each case. 

The combustion of carbon monoxide and the 
utilization of the combustion heat inside the furnace 
also involve another essential advantage with the 
Kaldo process. Determining for the size of the gas- 
cleaning equipment is the maximum heat content 
in the exhaust gases, i.e. the total amount of chemical 
and physical heat. At Domnarvet, this maximum 
heat during the blow amounts at present to about 
180 000 keal/min and can be reduced to a much lower 
value when cooling with scrap or continuous feeding 
of ore. This will give a much cheaper gas-cleaning 
system than is required when using a stationary 
furnace of the same capacity. 


CONTROL OF THE PROCESS 

The blow can be followed and adjusted by various 
simple observations and measures. The iron content 
and the viscosity of the slag can, among other things, 
be affected by changing the direction of the oxygen 
lance. If the oxygen jet is blown more vertically 
against the bath, the oxidation of iron is increased 
which makes the slag more fluid. 

The speed of rotation also has a great influence on 
the run of the process. When using a high speed, the 
content of iron oxides becomes lower and the slag 
more viscous. A decrease in speed has the opposite 
effect. To reach a carbon content of less than 1°% 
before the main part of the phosphorus is oxidized, 
it has been found necessary in the Domnarvet practice 
to maintain a high speed which delays the melting 
of the slag. Top speed is also desirable towards the 
end of the blow to keep down the iron content in the 
final slag. 

A relatively dry slag is used during the main part 
of the blow; only before the slag is tapped the iron 
content is adjusted to get the slag sufficiently fluid. 

Valuable information as to the condition of the slag 
inside the furnace is obtained by observing the load 
on the rotation motors during the blow, as a marked 
decrease on ampere meter occurs simultaneously with 
slag melting. 
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Fig. 5 Present lining of the Dom- 


narvet Kaldo furnace 


A good indication of how the reactions are proceed- 
ing is further obtained by measuring the temperature 
in the exhaust-gas pipe. As only carbon gives gaseous 
reaction products, this temperature mainly indicates 
if carbon or other alloying elements are oxidized. The 
intensity of the boil can also be estimated in this 
way. A strong boil forms more carbon monoxide in 
the exhaust gases at a constant quantity of oxygen 
added. The carbon monoxide is then burnt in the 
exhaust-gas hood, creating a higher temperature in 
the gas flue. A decrease in the speed of rotation slows 
down the boil, the carbon monoxide is burnt more 
completely, and the temperature of the exhaust gases 
is lowered. Consequently, it is easy to estimate by 
experience the temperature of the exhaust gases that 
corresponds to a certain combustion of carbon mon- 
oxide inside the furnace. 

If the production programme is varying and the 
pig-iron analysis frequently changes, the Kaldo process 
has the advantage of great flexibility. It is easy to 
control and modify the heat according to circum- 
stances, as each heat can be treated individually in 
a similar way to OH practice. Every kind of pig iron 
can be used and the process can be interrupted at each 
carbon content desired. Recarbonization is conse- 
quently not necessary at higher carbon specifications. 
Of particular importance is also the possibility of 
easily adjusting the temperature of the steel to the 
desired value owing to the great heat surplus produced 
by the carbon monoxide combustion. 


STEEL YIELD 


The iron loss in the slag is low in the Kaldo process, 
primarily because of the high rotation speed which 
causes the reactions to move closer to equilibrium 


between steel and slag baths. Particularly in the 
pre-slag the iron content can be reduced to very low 
values. 

It has proved easy to counteract the formation of 
foaming slags which always contain a high content of 
iron also in metallic form. Towards the end of the 


AUGUST, 1959 


heat, the iron content of the slag naturally increases 
with lower carbon and for this 
much of the final slag as possible is kept in the furnace 
to be utilized during the next heat. In this way it 
is also possible to make better use of the lime 

As an example, some results can be mentioned 
which were presented in 
When blowing ordinary pig 
first slag, containing only about 5°, iron, can be 
tapped off after oxidation of the major part of the 
phosphorus content. When pig 
iron with, say, 1°%,Si, the pre-slagging of silicon can 
be made practically complete with less than 2° Fe 
in the pre-slag. An example of this is given in Table I 
The iron loss with the first slag is in this case 
0-1%. 

The loss of iron with the exhaust gases is also low 
During normal operations of basic Bessemer pig iron 
the loss amounts to between 0-3 and 0-8°%, of the 
pig iron according to measurements taken. The steel 
vield is consequently high in the Kaldo process which 
is of great economic importance, since each percent 
by which the yield is improved involves a gain of 
at least 4s/ton of steel. 

In Table II] the ladle yield of basic Bessemer iron 
and low-phosphorus iron when cooling with scrap as 
well as with ore has been put together. The table 
shows that the steel yield from pig iron +- scrap + Fe 
in the ore is higher when cooling by scrap than by 
ore. 


content, reason as 


prev ious publicat ions.® © 


basic Bessemer iron a 


blowing. silica-rich 


only 


LINING 

Lining life of the Kaldo furnace has not proved 
quite as good as that of stationary furnaces, although 
it is gradually improving. 

The refractory normally used consists of bricks 
pressed from tar dolomite, manufactured at Domnar- 
vet. The present type of lining is shown in detail in 
Fig. 5. With these bricks the lining life has now been 
improved to 70 heats as against about 50 heats 
previously when blowing basic Bessemer pig iron, 
corresponding to a wear of 5-4 mm per heat at the 
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TABLE IV 


Estimated production in two Kaldo furnaces, alterna- 
tively in operation, when using basic Bessemer pig iron 


Weight of ingots, 
metric ton heat 


lime for 
charging hot metal 
and additions 
blowing * 35 55 
slag-off, sampling, 
tapping ” R 35 
otal time oe 7 100 
Production tons h 60 


fons year (7 500 h 165 000 450 000 


When using better 
dimensioned 


most exposed part of the furnace. 
pressed and dolomite 
bricks, it has proved possible to increase the resistance 
further With similar bricks from 
facturer, 79 heats were attained. Tes 


' 
more exactly 


another manu 
ts with 350-mm 
bricks of burnt magnesite have resulted in a maximum 
of 90 heats. It turned out 
erosion on these bricks was negligible and that the 
attack was mainly caused by spalling. New tests are 
therefore planned with modified bricklaving 

The comparatively short life of the lining depends 
partly 
blowing basic Bessemer pig iron 


however, that the chemical 


long time when 


\nother contributing 


on the relatively blowing 
factor seems to be the high temperature developed 
inside the furnace by the 
monoxide to dioxide rhe 


combustion of carbon 


carbon high speed of 

other hand, seem to affect 

the lining unfavourably: rather the contrary. 
Unfortunately, we ex- 

perience of the lining life when using normal low 

phosphorus hot metal. it 

considerably higher than when using high-phosphorus 

is tapped off at 

low temperature (about 1 500°C). The 


rotation does not, on the 


have so far no long term 


seems, however, to be 


metal, as the silica pre-slas i relatively 
shorter blow 
ing time in this case is of course also favourable 

As regards the possibility of increasing the lining 
life in the future, no definite conclusions can be drawn 
today. A far longer life of the 
be expected in larger furnaces 
lining can, 


must. however. 
The thickness of the 
furthermore, be 


lining 
working increased in a 
large furnace. The shape of the furnace room is also 
of great importance. In our present furnace, the main 
attack 
cylindrical wall. We have been able to overcome this 
making the oxygen con- 
tinuously in a vertical plane. With the movable lance 
it becomes at the time to regulate the 
anvle between the jet and the bath during the blow 
in this way improve the control of the metal 


has been concentrated on the middle of the 


drawback by lance move 


Sa imie easicel 
and 
lurgical reactions 
The total consumption of tar dolomite at Domnarvet 
amounts to about 25 ko ton of ingots, of which about 
The total cost of refractories 
is higher than that of 
converters and to this added the 
The 


more 


5 kg can be recovered 
is about 12s ton. This cost 
stationary 
drawback of more frequent furnact 


must be 
exchanges 
total difference in cost seems, however, to be 
than compensated by the better heat economy of the 
Kaldo process 
OURNAL OF THE AND STEEL 


IRON INSTITUTE 


EXPERIENCE 


WITH THE KALDO PROCESS 

It may be of interest to mention that a considerable 
number of heats have been carried out in our 3-ton 
pilot furnace with a lining of silica bricks. The 
turned out to be very easy to control and the results 
very The 
prisingly good wear resistance 


prot ess 


were lining showed a 
The attack, 
very evenly distributed, did not amount 
about 6 kg/ton of steel in this very small furnace, 


3s ton. De 


satisfactory sur 
which was 


to more than 


corresponding to a cost of only about 
phosphorization can naturally not be expected when 
using acid lining, but the modern ore concentrating 
methods seem to enable a reduction of the phosphorus 
content in that 


dephosphorization in the steel process can be omitted 


certain ores to such a low value 


STEEL QUALITY 


Steel quality is essentially a question of good control 
of the analysis of the steel as well as of the tapping 
that 
metalloids, oxygen, phosphorus, nitrogen, and sulphur 


temperature \n essential requirement is the 
be kept at sufficiently low values 

The oxvgen ¢ the 
being of great importance for 


steel Is a key factor 
the vield of alloying 


elements as well as for the control of the solidification 


ontent of 


Investigations 
have shown that in the Kaldo process the percentage 
of oxygen is determined by the same |C O 

the OH process with a 
reproducibility. 

The upper phosphorus limit that can consistently 
be kept when blowing a high-phosphorus pig iron 
varies from 0-O015—-0-020° in 
steels to 0-O30-0-035° 


process and for securing a clean steel 


relation 


as in very good devree of 


low-carbon rimming 
» in high-carbon killed steels. 
The nitrogen content of the Kaldo steel before tap 
and 0-003°,, 
even when using an oxygen gas with 95-96°,O.. 
The exceptionally low content of sulphur (0-010 
0-020°,), feature of the 
Kaldo steel, is an advantage for the quality in several 
respects, e.g. 


ping generally varies between 0-002°,, 


which is an outstanding 
good hot workability of steels even with 
manganese contents as also with respect to the 
improved weldability 


low 


A close control of the temperature can be obtained 


in the Kaldo process acco! li w to the afore said poss 
bility of an extremely rapid increase in the tempera 
ture when necessary. This is of value for making a 
Uniformity with 
respect to temperature as well as to COMPposition 1s 
rapidly secured by means of the rotation which is an 
additional tool for the quality-control of the Kaldo 
steel. 

The phosphorus, 
nitrogen, and sulphur makes the Kaldo steel especially 
suitable for 


clean steel with good ingot surfaces 


inherent low percentages of 
purposes where very good cold forming 
properties are desired, and customers 
found it to the best steels that 
earlier get for such applications 


have 


could 


several 


superior they 


\ comparison has been made between Kaldo steel 


and OH steel in dee p drawing grade with re¢ spect to 


the tensile which a number of heats 
were rolled into wide strip with thicknesses 0-8-0.9 
mm. The rolling 


tempe 


properties m 


including cold rolling 
the 


iunnealing, and 


rolling. was made in conventional way 


under identical condition 
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The average figures obtained for analysis and tensile 
properties were as follows 


Analysis, Kaldo Ol 


7 heats > heats 
( O-O74 fT) 
Min 34 ‘) 
P als ‘) 
s Ol ‘) 
N 002 ( 

lensile properties 

Yield point, ky 
Tensile strength. 


elongation, 34 


old 
021 


(HS 


mim? 


mostly used 


have 


In Domnarvet, the Kaldo furnace is 
for producing ship plate steels which 
full 


Instance, 


received 
approval for all spe ifications according to, for 
Lloyd’s Register of Shipping The high 
impact-ductilitv, even after strain and the 
good make steel 
test heats fi 


1 wide range of specifi 


welding performance very 


suitable for this purpose In r different 


foreign steelworks ations have 
been met with carbon contents varying from 0-05 
and man 


illese Con 


tents up 
semi-killed 


killed 


maximum, up to 1-5! 
to 1-5‘ 
and 


covering both rimming, 


iluminium-treated steels 


SPECIAL FIELDS OF APPLICATION 
Besides steelmaking, it 
Kaldo furnace fot pre 


Is also POSSLDIE to use 
refining pig iron for OH and 
\ duplex method of that kind 


than a direct 


electric steel furnaces 
will normally turn out more expensive 


method, but may under certain conditions be justified 
For this purpose the Kaldo furnace has the advantage 
good stirring even when refinin 


of securing a pig iron 


with a high silicon content. Furthermore 
to obtain a high steel yield, as thi 
siag can be 
off, as already illustrated in Table II 

The 


high-phosphorus iron into hematité ist 


it Is possible 
iron content in the 
ys before lag 


brought down to about 


Kaldo furnace can also tind use for 

Won 
problem is of current interest in 
UK, and 
Domnarvet in cooperation with BCIRA, the 
of which were recently published.? As 


for example 
ome experiments have been carried out at 
results 


dephos oriza 


tion requires a content of iron oxide in the slag that 
is higher than the « 


librium 


ontent corresponding to the equi 
with the carbon dissolved 
impossible to avoid some 
during dephosphorization 
be very 


in the melt, it is 
decrease of carbon content 
It has, however, 
the melt 
finished dephosphorization and slag-tapping, without 
too much rephosphorization from the remaining slag 


Suitable agents in the Kaldo process at 


proved to 


easy to recarburize with coke after 


iron ore 
or scrap, as mentioned previously 
under certain 
material. It is, of 


sponge ron is 
conditions a suitable cooling 
not 
sponge with an especially high degree of reduction 
The only drawback will be that 
of sponge melted per ton of pig 
contains a large amount of iron oxides 
be reduced \s it is often 
produce fully reduced sponge iron, it may be cheaper 
only partly to reduce the ore in the 
and charge this product as ¢ 


An advantage 


charged in fine 


also 
eourse, necessary to ise a 
a smaller quantit \ 
rol it it 
has to 


can he 
which 
relatively expensive to 
furnace 
Kaldo 


ron can 


sponve 


ooling agent In a 
furnace 


sponge 


EXPERIENCE WITH 


THE KALDO PROCESS 
FABLE \V 


production in two Kaldo 
using low-phosphorus pig 


ke stimated furnaces when 


iron 


Weight of ingots, 
metric tons heat 


Time for 
charging hot metal 
and additions 
blowing 
slag-off, sampling, 
tapping 


min 


fotal time 


Production tons h 


rons year (7 500 h 210 000 


If it is desirable to 
iron, this can simply be 
iddition of 


omplete ( 


well balanced 
bath At « 

irbon. dioxide 
the « 


Such an 


Inside 
mmbustion 
vdditi 


even when using 


heat will nth pro 
n of carbon can become econom 
vents, such as or 
per ton of pig iror 
mentioned that when 
ethod,® a 


in easily be prod iced with. for instances 


other eooling ar 


scrap, to increase the ou 
\s an example it « 


the Stelime 


tput 
in be 
sponge iron vw sponge wo0Nn 
powder form « 
the following analysis: 85°.Fe (total 
reduction: 4-6 ‘ 
Of this product about 600 kg 
reduced per ton of pig iron 
ideal 


l and I} 


These facts encourage the int { th 


( 3° D vane 
ontaining about 
with low-P 
Kaldo 
of ore 
Iron In 


for direct production of steel out entirely 


tead the 
m of the 


without any addition of pig 


quantity of carbon necessary for the reducti 


ore is charged tor instance is coke breeze whereby 
wit! 


furnace \ 


must his be added also 


the carbon monoxide generated is burnt oxvgen 


to carbon dioxide inside the certain 
quantity of carbon 
as fuel. The ore is preferably ch is concentrate 


For carrving out the react ential that the 


m bath in the furnace 
After 


there are hopes of 


rroducing 


Lining a suitable irbon content ome 


preliminary tests at Domnarvet 
creating in this way an economic direct steel 


method 


PRODUCTION 


The plant at Domnarvet has now been in t 


for three ve 


Cope ration 


irs, and more than 200 O00 tons of ingot 


have been produced apacity wa eae, or 
1 during st year. The production 
risen to ab t hes 24 h he 


tap to 


fully utilize 
| i now eornre 
pondiiig 


about 40 


tap time Is min, of which 


min are effective blowing ti By intro 
limne 


total 


1 charging devir 1 ind 


ducing improve 
under uction, the 


might bye re ft 


which are at present 


time down abo 70) min 


corresponding charge annual 


\ It ld will the 


time oft 


155 OOO ton r wit in 


For lar urnac the 


probably be iewhi nn In 


operating 7 SOO hy 


blowing time will 


lable IV. a « 
100-ton 


omparison 


and a furnace 
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1 Kaldo converter 2 Fume hood and oxygen lance 


car 


Fig. 6 


factors based on our experience, and the annual 
output. 

When refining pig iron with a low phosphorus 
content it has been found that the effective blowing 
time can be reduced to about 30 min in the 26-ton 
furnace, and the time required for slag-taps and 
sampling is also reduced. The output can therefore 
be expected to be considerably higher in this case, 
as is apparent from Table V. 
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1 Kaldo converter 2 Fume hood and oxygen lance 
5 Weighing hoppers 6 Alloy-material bins 7 Steel ladle 


Fig. 7 
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3 Hoo 
hoppers 6 Hot-metal ladle 7 Scrap-charging box car 8 Steel ladle 9 Slag pot 10 Relining stand 11 Converter transport 
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4 Raw-materials storage bins 5 Weighing 


Cross-section through the Kaldo shop for SOLLAC, France 


Values in Tables IV and V represent conditions 
when cooling is done by ore. If cooling is done with 
scrap, a further increase in output can be expected, 
the quantity of pig iron per ton steel being consider- 
ably lower, and the blowing time consequently 
shorter. This is, however, to a certain extent counter- 
balanced by a somewhat longer charging time. 

To reach the annual production calculated above, 
it is necessary to dispose of two furnace bodies, one 
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3 Fume duct to cleaning plant 4 Raw-materials storage bins 
8 Slag pot 9 Hot-metal mixer 


Cross-section through Kaldo shop for Oxelésund steelplant, Sweden 


AUGUST, 1959 











KALLING AND JOHANSSON: FURTHER 


~ 42670 113330 


EXPERIENCE 


WITH THE KALDO 


PROCESS 


oo -SOOOO _ wn OO0O00O0 





4 
14 30650,,25400,25400),28250y 


kK? 





1 Mould yard 2 Casting bay 3 Furnacs 
converter 8 Fume-cleaning plant 
ladle car 12 150-ton OH furnace 13 74-ton OH furnace 
and ofhce 16 Incoming scrap 17 Incoming hot metal 
OH plant extension 


Fig. 8 


bay 4Scrap bay 


charger 


of which is operated while the other is being relined. 
As already mentioned, there are two exchangeable 
vessels at Domnarvet. A newly relined furnace of 
this size weighs 125 tons; a heavy crane is therefore 
required for the exchange of the vessels, also causing 
increased costs for building and foundations. In most 
cases it may therefore be more advantageous to install 
two complete furnaces, each equipped with its rolling 
stand. 

Figure 6 gives an outline of the Kaldo plant under 
construction at SOLLAC in France, which is expected 
to start operation in the middle of next year. The 
capacity of the furnace is 100 tons. Here, the principle 
of exchangeable furnace vessels has been chosen. The 
exchange is performed by means of a_ specially 
designed transport car on rails. At present only one 
rolling stand is to be installed. Figures 7 and 8 show 
the plant which is being built at Oxelésund in Sweden. 
These furnaces will also have a capacity of 100 tons. 
In this case, however, two rolling stands, each with 
one furnace vessel, are being constructed, and the 
furnaces will be operated alternatively. 

It has been proved that the time of operation for 
a furnace vessel is more than sufficient for stripping 
and relining the other. It may even be expected that 
in the future only one extra vessel will be required 
for the continuous operation of two furnaces. 

ECONOMIC ASPECTS 

For the reasons stated previously, the production 
cost for the Kaldo process will be low. Our experience 
is limited to the plant at Domnarvet but, since it 
has now been in operation for three years, all costs 
can be calculated with great safety. The usual basic 
Bessemer process with oxygen enrichment of the air 
is used parallel with the Kaldo process at Domnarvet. 
A cost comparison between the two processes shows 
that Kaldo steel is at least as cheap as Bessemer steel. 
This calculation takes into account all costs including 
those of repair and investment. 
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As it may be feared that the rapid rotation should 
cause a considerable wear on the mechanical parts 
the supporting ball bearings, ete., a 
thorough investigation made to discover the 
extent of wear, and the results indicate that these 
costs do not exceed 6d/ton 

The investment costs for a Kaldo plant might be 
expected to be considerably higher than for a plant 
with stationary furnaces, calculated per ton per year, 
owing to longer blowing time and a shorter lining 
life. Moreover, a rotating furnace is naturally more 
expensive to manufacture than a stationary one. This 
increase in costs is, however, largely counteracted by 
the considerably smaller equipment 
required. Savings can probably also be made in the 
cost of the building. Moreover, since a higher nitrogen 
content may be allowed in the oxygen at the same 
nitrogen content in the steel, the oxygen plant will 
be somewhat cheaper. The difference in the total 
investment therefore and affects the 
production costs very little. This has also been con- 
firmed by engineering firms which have had the 
opportunity to make careful comparative studies. 

SUMMARY 

The Kaldo process has been in commercial use at 
Domnarvet since May, 1956, mainly for refining basic 
Bessemer pig iron. The high and variable speed of 
rotation has proved very valuable for controlling the 
iron content in the slag, and the intense mechanical 
stirring causes a desirable intimate contact between 
slag and metal. 

The favourable economy of the and its 
reliability have been verified. Advantageous results 
have been obtained even when refining low-phosphorus 
pig iron, mainly owing to the particularly good heat 
economy of the process which allows for large quanti- 
ties of ore to be reduced into steel, or scrap to be 
melted during the blow. Outstanding features of the 
process are, furthermore, low iron losses in slag and 
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exhaust gases, an effective desulphurization, and very 
low nitrogen content in the steel. The process is very 
flexible and can be utilized for refining all kinds of 
pig iron. Due to a very good control of the process, 
the specified tapping temperature and final steel 
analysis can be kept within very narrow limits, and 
recarburizing is not necessary. 

In spite of the comparatively short life of the lining, 
which, in the last year was improved from 50 to 70 
heats, the Kaldo process now produces a cheaper steel 
than the basic Bessemer process. 
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Solute segregation durin 


By W. A. Tiller, Ph.D. 


INTRODUCTION 
THE CASTING METALS has long been an art with 
the foundryman. For many years the production 
of sound ingots has been largely a matter of trial and 
error, and while a few general principles have been 
well recognized, the methods used to produce a 
particular ingot have been mainly the results of the 
foundryman’s hard-won experience. 

By experience, he found that an ingot was generally 
composed of three zones of different structure: (a) a 
small zone of fine randomly oriented grains at the 
outer wall of the ingot, (6) a large columnar zone of 
preferred orientation crystals extending towards the 
centre of the ingot, and (c) a zone of randomly oriented 
equiaxed crystals in the centre of the ingot. Within 
these zones he observed regions in which solute was 
highly concentrated in the form of a second phase or 
inclusions and he found that the quality of any ingot 
was largely governed by the type and degree of this 
segregation. 

At present the forging industry is plagued with the 
presence of segregation flaws in their large ingots, and 
it is the purpose of this paper to show that the con- 
ventional method of casting has an inescapable size- 
effect limitation on the quality of ingots. Thus a 
different method of casting must be employed if 
sound ingots of large size are required. 
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the Domnarvet steelplant for their co-operation 
developing this process. 


REFERENCES 

ige, 1956, vol. 178, pp. 126-129. 

B. KALLING and F. JOHANSSON: * The Kaldo rotary 
oxygen steelmaking process.” Paper presented at 
the United Nations ECLA Meeting in Sado Paulo, 
October 1956. Referred to in Jron Coal Tradex Rev.., 


Tron 


w— 


1956. vol. 173. pp. 1497-1499. 

3. F. JOHANSSON: J. Met., 1957, vol. 9. pp. 972-075. 

i. B. KALLING and F. JOHANSSON: Jernkont. Ann.. 
1957. vol. 141, pp. 189-205. 

5. B. KALLING and F. JOHANSSON: Stahl Eisen, 1957. 
vol. 77, pp. 13808-1315, 1885-1878. 

6. B. KALLING and F. JOHANSSON: Rev. Univ. Min.. 


1958, vol. 14, pp. 455-466. 

7. R. 1. HiGGins and J. C. BILLINGTON: BCIRA J. Res 
Dev., 1958, vol. 7, pp. 171-187. 

8. O. STELLING: J. Mef., 1958, vol. 10. 290-295. 


pp. 


vo 


g ingot solidilication 


SYNOPSIS 
The theory of solidification dealing with the effect of the growth 
The degree ot 
solute segregation is shown to be related to the mode of solidification 


conditions on the mode of solidification is reviewed. 


The theory is applied to the freezing of an ingot and predicts all 
It is shown that the 
formation of oxide and sulphide inclusions depends upon the growth 


the essential features of ingot solidification 


and that the degree of these defects increases with the 
size of the ingot. 


conditions, 
Ic is also shown that the conventional method of 
casting must inevitably lead to the formation of deleterious macro- 
segregation and shrinkage in large ingots. 1528 

Although numerous investigations have been made 
into the subject of segregation, until recently, little 
attention appears to have been devoted to the macro- 
structure of the segregated ingot or casting. This is 
surprising since both segregation and macrostructure 
are related through the solidification process. In fact 
the manner or mode of solidification produces certain 
substructures such as grains, dendrites, lineage struc- 
tures, etc., and the boundaries of these structures are 
found to be the regions of segregate. Therefore the 
segregation that occurs owes its presence to the sub- 
structures that are formed as a result of the various 
modes of solidification. 

Following this lead, it is found that the most 
effective way to study segregation in ingots is to 
determine the effect of the freezing conditions on the 
mode of solidification. Thus for various growth con- 
ditions this indicates both the type of substructures 
to expect and the degree of segregation that will 
accompany them. 
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Fig. 1-—Unidirectional of binary alloy 
To this end, in Part I of this paper the theory of 
solidification will be discussed to show how the various 
growth conditions affect the mode of growth of the 
solid phase. The majority of the material presented 
in this section has been published elsewhere, and is 
therefore largely a review of the present state of 
knowledge in this field. Since this article is mainly 
directed towards the practical metallurgists involved 
in the development of alloys and the production of 
ingots, the previous work pertaining to the verification 
of the theory is presented for their benefit. It is very 
likely that they have not had access to this work and 
are not fully aware of its significance. In Part II, 
the fundamentals of the theory will be applied to the 
freezing of an ingot to show how the essential features 
of ingot solidification can be predicted. The con- 
clusions to be drawn from this section indicate that 
a new method of casting must be developed if large 
ingots of high quality are desired. 
PART I: THEORY 
In the author’s opinion all phenomena observed to 
occur as a result of the solidification of metals can be 
classified as interactions between three important 
variables of growth: 
(i) Crystallographic features of the growing crystal 
(ii) Temperature distribution in the system (solid and 
liquid ) 
(iii) Solute 
liquid). 


distribution in the system (solid and 


The systematizing of the study of solidification into 
a dependence on these three growth variables leads 
to a fuller understanding of the prominent features 


of crystal growth from the melt. The importance of 


these growth variables in the present study will 
become apparent from the following treatment. 
Consider the solidification of a long cylinder of 
molten metal from one end as shown in Fig. 1. — Let 
the metal be a binary alloy of concentration C 
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Fig. 2— Portion of binary constitutional diagram for a 
solute which lowers the freezing point of the solvent 
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Fig. 3 Steady-state distribution Cy, of solute in liquid 


ahead of the freezing solid liquid interface 


and of such a type that the solute lowers the freezing 
temperature of the alloy as shown in Fig. 2. From 
the equilibrium diagram, it can be seen that liquid 
of concentration C, is in equilibrium with solid of 
concentration kC,, where k is the ratio of the solubility 
in the solid to the solubility in the liquid. The & value 
(distribution coefficient) is a very important parameter 
in the freezing process and can be of the order of 0-5 
as shown here or 10-7, 10°% for some solutes (smaller 
solid solubility). 

As the growth of the solid phase proceeds, there will 
be a rejection of solute atoms from the solid at the 
interface. Since the distance through which solute 
can diffuse in unit time for unit concentration gradient 
is 2 to 3 orders of magnitude smaller than the rate of 
advance of the interface R, there will be a build-up 
of solute in the liquid adjacent to the interface as 
indicated in Fig. 3. If there is no convection in the 
melt, the condition will be reached where the amount 
of solute rejected from the solid per unit time is just 
equal to the amount of solute diffusing down the 
concentration gradient at the interface per unit time, 
i.e. a steady-state solute distribution will exist in the 
liquid 

This distribution of solute C; has been calculated 
by Tiller et al.’ for a plane interface; they found it to 
be exponential in shape and is represented by equation 
(1): 

; - 

Cp ms k 
where DP is the diffusion coefficient of the solute in 
the liquid, R is the rate of advance of the interface, 
and x represents distance measured ahead of the 
interface. The concentration is C,/k at the interface 
and falls off as exp ( Rxr/D) to C 
ahead of the interface. Thus, if the k value is small, 
say 10°*, then the concentration at the interface is 
100 times the initial concentration If the 
forms a gaseous phase, this interface concentration 
may be sufficient to cause the nucleation of a hemi- 
spherical bubble of gas on the interface which would 
lead to the development of a tubular void in the solid 
as growth proceeds. 

An example of this type of gaseous evolution may 
be found in the solidification of ‘ rimmed ’ steel. The 
presence of carbon and oxygen in solution in the 
liquid iron will produce the formation of CO gas if 


exp | Ra D Ce I 


some distance 
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Fig. 4—Equilibrium temperature distribution Tg and 
actual temperature distribution T, in liquid ahead 
of the freezing solid liquid interface 


the concentrations of the C and O are large enough 
During the solidification of the ingot, the concentra- 
tion of both C and O will build up in the liquid ahead 
of the interface. When these concentrations are large 
enough, they will react with each other to form CO 
The bubbles of CO will be nucleated on the interface 
as discussed above, and owing to the continued 
advance of the interface, ‘ blowhole’ formation will 
occur, 

The thickness of the solute-rich layer is between 
10-? and 10° em depending on the growth rate. 
The more rapid is the growth rate, the thinner is this 
layer. At rapid growth rates, even forced convection 
is unable effectively to change the solute distribution 
in this layer. 

Since every point in the liquid has a definite con- 
centration of solute, then it also has a definite equi- 
librium freezing temperature. The equilibrium tem- 
perature distribution in the liquid is plotted in Fig. 4a. 
This is the temperature at which the liquid would like 
to freeze; however, the actual temperature distribution 
in the liquid is determined largely by heat flow 
considerations and it may be of the form shown in 
Fig. 4b. If these two temperatures are matched at the 
interface, then the condition shown in Fig. 4c is 
achieved. The actual temperature at any point in a 
region is below the equilibrium temperature at the 
point and this liquid is said to be constitutionally 
supercooled. When this condition exists, the plane 
interface will break down into an array of hexagonal 
cells as shown in Fig. 5. This substructure was studied 
by Rutter and Chalmers,? and they showed that the 
boundaries are depressions in the interface and are 
regions rich in solute. This substructure is columnar 
in the direction of growth, so that a single grain may 
be thought of as being composed of a bundle of pencils 
where Fig. 5 represents the ends of the pencils. The 
axis of the pencil is the major axis of growth, and the 
pencils are separated from each other by a thin layer 
of solute-rich material. 

The initial point of instability between the plane 
interface mode of solidification and the cellular inter- 
face mode of solidification occurs when the actual 
temperature gradient is tangent to the equilibrium 
temperature gradient at the interface as shown in 
Fig. 6. By equating these two gradients, a borderline 
condition for the interface instability can be developed: 

G/R = mC,(1 — k)/Dk..... (2) 
where m is the slope of the liquidus line, and G is the 
temperature gradient in the liquid at the interface. 

From this equation it can be seen that the ratio 
of the temperature gradient in the liquid (, to the 
freezing rate R, is proportional to C,. This then gives 
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Fig. 5 


Photomicrograph of decanted interface showing 
cellular mode of solidification; Pb-0.1°,Sn x 100 


an opportunity to test the theory. Equation (2) 
predicts that if crystals containing C, of a particular 
solute (this defines m, D, k) were grown under various 
ratios of G/R, and the interface examined by rapidly 
decanting the liquid from the solid, then for a certain 
range of G/R, a plane interface will be stable and for 
another range of the ratio, a cellular interface will be 
stable. Equation (2) predicts the line of demarcation 
between the regions of stability for the different modes 
of solidification. 

Experiments of this type were carried out by Tiller 
and Rutter® on lead as the base material, and the 
results for tin as solute in lead are shown in Fig. 7. 
These show that there is not only a linear relationship 
between C, and G/R as predicted, but it agrees 
quantitatively as well. Figure 8 shows the results for 
silver as solute in lead, and again there is quantitative 
agreement with equation (2). From these results it 
may be seen how little solute it takes to change the 
mode of solidification. Tiller and Rutter showed that 
it takes only 5 10-® wt-°% Au in Pb to produce 
the onset of cellular growth with its associated inter- 
cellular segregation. 

The experiments have completely substantiated the 
predictions of the theory as to the existence of a 
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Fig. 6—Growth conditions representing the point of 
instability between plane interface and cellular 
interface mode of solidification 
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Fig. 7—-Critical conditions governing the transition from 
smooth to cellular interface for Pb-Sn alloys 














solute-rich layer of liquid adjacent to the interface 
and the quantitative features of this layer. If consti- 
tutional supercooling is found to exist under certain 
conditions of growth, then a plane interface will be 
unstable and the mode of solidification will be changed 
to the cellular mode. 

Tiller and Rutter showed how the interface appear- 
ance changes as the growth conditions are changed 
from those which produce the plane interface mode 
of solidification to those which produce the cellular 
interface mode of solidification. For this, one may 
lower the temperature gradient in Fig. 6 by increments 
and study the interface appearance. The results that 
they found are represented schematically in Fig. 9a. 
Figure 9b represents the constitutional supercooling 
conditions ahead of the interface if it had remained 
planar, and Fig. 9¢ the probable conditions existing 
ahead of the interface represented in Fig. 9a. 

The first evidences of constitutional supercooling 
were found to be the appearance of very small pro- 
tuberances called ‘ pox’ on the interface. The next 
stage of development is the appearance of irregular 
cell boundaries and these subdividing into elongated 
cell boundaries. Finally, the elongated cell boundaries 
subdivide into more nearly regular cell boundaries. 
The boundaries form and are stable because they are 
capable of trapping solute that would normally reside 
in the interface layer. In this way, they are able to 
decrease the constitutional supercooling as shown in 
Fig. 9c. Consider Figs. 9a and b; as one tries to increase 
the constitutional supercooling in the liquid, the inter- 
face decreases it by providing an increasingly greater 
amount of cell boundary per unit area of the interface 
in which to store solute. 
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Critical growth conditions governing the transi- 
Ag 


Figure 10 shows a longitudinal section of the cells 
and the interface. At the tip of the projection, the 
growth is in a direction normal to the surface, so that 
there is some growth in a lateral direction which tends 
to trap solute between the cells leading to intercellulat 
segregation. The increased solute concentration in the 
region between two confining cells will decrease the 
freezing temperature of the cell walls so that they 


cannot grow together until a lower freezing tempera- 
However, the tip of the cell is still 


ture is reached, 
advancing because the rejected solute from this 
portion of solid can diffuse away from the interface 
into the liquid. In this way, the boundary walls may 
become very deep, narrow grooves during solidifica- 
tion, so that the solid consists of an array of blunt 
spikes, connected some distance back from the inter- 
face, which grow like independent crystals into the 
liquid. This boundary groove is not observed during 
decanting as surface tension holds the solute-rich layer 
of liquid in the groove. It is because of deep boundary 
grooves of solute-rich liquid that the phenomenon 
of inverse segregation is sometimes observed. 

So that the cells can reduce the constitutional 
supercooling, they must provide enough boundary to 
store the solute and they must be of such a shape as 
to help its diffusion from the tip of the cell to the 
boundaries in the time allowed by the rate of advance 
of the interface. In principle, one would expect that 
the cells could get smaller and smaller to provide the 
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extra boundary. However, this is not possible since 
the free energy of the system increases as the area of 
interface increases. ‘There will, therefore, be some 
lower limit to the size of the cells and some point at 
which constitutional supercooling is not reduced 
significantly by the cells because it would require too 
small a cell size. : 
There is a limit to the amount of boundary available 
for storing the solute, but how is the solute able to 
diffuse to the boundaries. It should be noticed that 
although the distance through which solute can diffuse 
in unit time for unit concentration gradient is about 
10-2 times the rate of freezing, the distance through 
which heat can diffuse in unit time for unit tempera- 
ture gradient is 10* times the freezing rate. It can be 
seen, therefore, that the isoconcentrate surfaces in the 
vicinity of the cells (Fig. 11) will be greatly affected 
by the interface shape, whereas the isothermal sur- 
faces will be negligibly affected. It can then be 
assumed that the temperature varies linearly with 
distance into the liquid, and the temperature on the 
surface of the cells shown in Fig. 11 must also vary 
linearly with distance ahead of the base of the cell. 
The equilibrium diagram in Fig. 2 relates the com- 
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position to the freezing temperature in a linear 
fashion, so that the concentration on the surface of 
the cell will also vary linearly with distance ahead of 
the base of the cell. 

It can be assumed that the concentration falls off 
in an exponential manner with distance into the liquid 
ahead of the cell. From Fig. 12, it can be seen that 
it is this variation in concentration on the surface of 
the cell compared to the variation in concentration 
in the adjacent liquid which produces the lateral 
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Isoconcentrate lines in liquid adjacent to a 
cellular interface 


diffusion of solute from the tip of the cell to the region 
of liquid ahead of the base of the cell. It is the con- 
centration difference between the point c and the 
point d in Fig. 12 that determines the concentration 
gradient for the diffusion of solute in this direction. 
The greater this difference in solute concentration, 
the greater will be the lateral flow of solute, and thus 
the greater the possibility of eliminating the consti- 
tutional supercooling in the liquid. 

However, it has been observed that the farther the 
cell projects into the liquid (length ad in Fig. 12), 
the greater the width of the cell becomes (length ae 
in Fig. 12). This relationship of cell width to cell 


projection length is caused by the crystallographic 
mechanism of growth and has been discussed by the 


author elsewhere. Thus, as the amount of consti- 
tutional supercooling to be eliminated is increased, 
the cells project farther into the liquid. By doing so, 
they cause the cell to widen, but are still able to 
enhance the lateral diffusion of solute. 

It is found that the cell size ae varies inversely as 
R and G, and directly as C,. The k value variation 
is not known experimentally, but it is probable that 
the cell size varies inversely as k. 

As the cells project farther into the liquid, certain 
crystallographic effects begin to appear as shown in 
Fig. 13. The cells on one grain are several times larger 


_ ae, 

















Fig. 12—Solute distribution Cz in liquid ahead of points 
a, 6, and c on the interface. Distributions Cy. are 
cuts through those points parallel to specimen axis 
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Fig. 13—-Interface showing effect of crystallographic 
orientation on cell size and cell shape; Pb-0 .25°,Sn 
50 


than the cells on an adjacent grain. The grain con- 
taining the large cells has a high index orientation 
interface (low atomic density), 
the small cells has a low 
(high atomic density). 


the grain containing 
index orientation interface 
Because of the smaller cell 
size on interfaces of low index orientation than on 
high index interfaces, there will be more solute 
trapped in the boundaries per unit interfacial area. 
This leads to a lower concentration of solute ahead of 
this type of interface than a high index one. Thus 
the low index grain is stable at a higher interface 
temperature than another grain having a less favour- 
able interface orientation. Because of the interface 
step that will be produced between two such grains 
(represented by Fig. 14), the crystallite in advance 
(small cells), will encroach upon the depressed crystal- 
lite and eventually crowd it out of the specimen. It 
is this difference in cell size on interfaces of different 
orientation that leads to the 100 preferred 
orientation in the columnar zone of an ingot of an 
fec alloy, and is probably the explanation of the 
phenomenon in alloys of other crystal structure. 
With further increase of the constitutional super- 
cooling, the mode of solidification again changes. The 
cells begin to develop a branched structure as shown 
in the Fig. 15. This mode of solidification, although 
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Fig. 14—Bicrystal in which a grain with one interface 
orientation is freezing at a higher interface tem- 
perature than a grain with different interface 
orientation 
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Fig. 15--Interface showing development of side branch- 
ing on cells; Pb-0-.75°,Sn 100 


called the dendritic mode, is very different from the 
classical dendrite which grows very rapidly into a 
supercooled melt and develops a pronounced crystallo- 
graphic morphology. In the case under discussion, 
the branched structure is growing in a very controlled 
fashion under the influence of a positive temperature 
gradient. Since there is little choice of words to 
describe this structure, it will be referred to as a 
dendritic structure merely because it is branched. A 
dendritic interface for a Pb-Sn alloy (wt-°,) is shown 
in Fig. 16. Figure 17, a photomicrograph of the 
upper surface of a crystal grown in a horizontal 
container, shows the branching on the longitudinal 
cell boundaries. 

Figure 18 shows the results obtained for the deter- 
mination of the growth conditions under which the 
cellular interface mode of solidification changes to 
the dendritic mode. Here the plot is of C, against 
(G/R*), From this plot it can be seen that, for 
a certain range of growth conditions, interfaces of any 
orientation exhibit the cellular structure. For another 
range of conditions, some interfaces will exhibit a 
dendritic structure while index interfaces will 
still exhibit the cellular structure. For the final range 
of conditions, interfaces of all orientations will exhibit 
the dendritic mode of solidification. 

During the latter stages of cell development and 
the complete range of dendritic growth, the interface 
is unable completely to eliminate all of the constitu- 
tional supercooling, so that as an interface of this 
type is advancing there will be a zone of liquid ahead 
of it which is constitutionally supercooled. As the 
dendrites grow, their size should be governed by the 
growth conditions in the same manner as the cells, 
so that the dendrite width might be expected also to 
vary inversely as R, G, and k, and directly as C,. 
When the degree of constitutional supercooling 
becomes great enough, new crystals will nucleate in 
the liquid ahead of the interface and halt the growth 
of the dendrites. This is illustrated in Fig. 19, and 
has been termed the ‘mushy zone’ mode of solidifi- 
cation, 

These grains will nucleate and grow radially at 
some velocity determined by the amount of super- 
cooling present. A solute distribution will be built up 
at the interface of each grain, and as they grow 
together, solute will be trapped at the boundaries 


low 
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Fig. 16—-A (100 
dendrites; Pb-1-0°,Sn 


interface exhibiting well developed 
100 


separating the grains. Tiller e¢ al.) have shown that 
in the initial portion of the cylinder of Fig. 1, the 
concentration in the solid begins at the value of kC, 
and increases to the value of C, in a manner given 
by equation (3). This equation, although only an 
approximation, has been shown to be in error by 
less than 20°, by Smith et al. From this equation, 
the length of the initial transient region for various 
values of k and R is found to be about D KR. This 


is the distance in which the concentration in the solid 
has increased to within | e of its steady-state build-up. 


(1 k) [4 


Cc Cc. exp ( 7) k 3) 
J 

The characteristic length x of the initial transient 
region as a function of R for various k, is given in 
Fig. 20. These results will be used in Part IT to caleu- 
late the rate of build-up of solute ahead of equiaxed 
grains. 

Smith ef al. have also shown that in the final portion 
of the cylinder of Fig. 1, the concentration in the solid 
will increase to an infinite value in an infinitely thin 
layer at the end of the sample (provided diffusion in 
the neglected). They calculate that the 
concentration in the solid will increase from the value 
C,, when the interface is greater than a distance D/R 
from the end of the sample, to a much higher value 


solid is 


Fig. 17-—-Upper surface showing initial formation of 
dendrites as evidenced by oscillation of cell bound- 
ary; Pb-0.75°;,Sn 
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. 18 -Effect of growth conditions on transition from 
cellular to dendritic interface. Upper and lower 
curves show limits of orientation dependence 


as the interface approaches the end of the sample in 
a manner given by equation (4). 


k) | -- 2/ ors 


Pi nin (7). 


where x, is the distance measured from the end of 
the specimen. Figures 2] and 22 show the variation 
of the ratio C.(z,) C, with the dimensionless variable 
(RD) x, asa function of various k values. This result 
will also be used in part II to caleulate the amount 
of solute segregated at boundaries in the equiaxed 
zone of an ingot. The ratio C,(z,)/C, given by 
equation (4) is the same as that produced by two 
grains growing together at the rate R if the solute 
distributions at the grain interfaces had been given 
by equation (1) and when the separation distance of 
the grains 27, was greater than 2D/R. This assumes 
that the grain radius is greater than the thickness of 
the solute-rich laver in order to neglect edge effects. 

PART II: THE FREEZING OF AN INGOT 

In the conventional method of casting, metal with 
a certain degree of superheat is poured to fill a mould. 
The outer rim of the liquid metal cools rapidly to the 
melting point and begins to supercool. At some 
degree of supercooling, nuclei of solid begin to form 
at random in this supercooled laver at the mould 
surface. The nucleation of the solid phase oceurs by 
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Fig. 19—-(a) Nucleation of equiaxed grains in liquid 
adjacent to interface (b) Constitutional supercool- 
ing existing in liquid ahead of dendrites which is 
sufficient to cause formation of ‘ mushy zone’ 


heterogeneous rather than homogeneous means (i.e. 
by a catalyst); thus, the number of nuclei per unit 
area of the outer surface will depend upon the number 
of heterogeneous particles per unit area of the outer 
surface and how effective they are as nucleating 
agents. If this number is small, the grains in the chill 
layer will be large. 

The grains in the chill layer are randomly oriented 
and begin to grow inwards; as they do, two things 
happen: 

(i) Solute begins to build up at the interface, and thus 
lowers the freezing temperature at the interface 

(ii) The temperature gradient in the solid conducts 

away not only the latent heat of fusion evolved 
due to growth, but also some of the superheat of 


the melt so that the temperature gradient in the 
liquid continues to decrease. 


The temperature gradient in the liquid decreases 
continuously as the interface advances inwards. There 
will, therefore, be a small mitial region where the 
plane interface mode of solidification will prevail and 
the solute build-up at the interface will be approxi- 
mately that calculated by Tiller et al... At some later 
position of the interface, constitutional supercooling 
must occur and the cellular interface mode of solidifica- 
tion will be stable. Associated with this mode of 
solidification will be the imtercellular segregation. 
This is the first instance of solute segregation other 
than that which occurs at grain boundaries during 
freezing. Since the build-up of solute may not have 
reached steady state, and since both the rate of 
growth and the temperature gradient in the liquid 
are decreasing as the interface advances inwards, the 
cells will get larger. The cell size will vary with the 
orientation of the grain and the preferred orientation 
of the columnar zone will develop. At some still later 
stage, the interface will again become unstable and 
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r D/kR, where D ) 10-* em#/s, and k 0-001, 0-01, 0-1, 0-5 
Fig. 20—Effective length of ‘ initial transient ’ region x, 


as function of R for several values of k 


will transform into the dendritic mode of solidification. 
Associated with this new mode will be the inter- 
dendritic segregation. 

In most alloys, the composition C, is so great that 
the plane interface and the cellular interface modes 
of solidification have an exceedingly short life, and 
are confined to a distance of a centimetre or less at 
the outer rim of the ingot. However, they have been 
discussed in some detail because they elucidate the 
understanding of solidification. 

As mentioned in part I, the dendritic mode of 
solidification is similar to the cellular mode of solidifi- 
cation except for the appearance of side branches on 
the cells. The variation in dendrite width with growth 
conditions should be very similar to the cell width 
variation; thus the dendrites should become larger as 
the interface advances inwards since both R and @ 
are decreasing. It can be seen that as the dendrites 
become larger, less solute can be trapped at the 
dendrite boundaries if the width of the boundary layer 
remains constant, and thus the interface concentration 
must rise. Because of this, the constitutional super- 
cooling in the liquid will tend to increase. At some 
stage during the growth of the dendritic interface, 
the temperature gradient will have decreased enough 
so that part or all of the central portion of the ingot 
is constitutionally supercooled. When the degree of 
supercooling is great enough, nuclei of solid will form 
in this volume of liquid to produce the equiaxed 
structure. 

Before discussing the growth of the grains in the 
equiaxed zone, the interdendritic channels and their 
connection with the phenomenon of inverse segrega- 
tion may be considered. 
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Fig. 21-—-Terminal transient solute distribution in the 


, , R 
solid as a function of the parameter D™: 


Inverse segregation 

Inverse segregation is the reverse of normal segrega- 
tion. It consists in the segregation towards the cooling 
face of solute that lowers the melting point of the 
solvent. The problem has been discussed in some 
detail by Hanson and Pell-Walpole.* They concluded 
that inverse segregation is caused by interdendritic 
flow of enriched liquid due to the pressure set up by 
shrinkage. 

It can be seen that the flow of enriched liquid along 
the interdendritic channels will greatly increase the 
solute concentration of the regions near the outer 
surface. In these outer regions, the cell size and 
dendrite size are small so that there are many channels 
intersecting unit area of the interface. The cell size 
increases as the interface advances inwards; thus, the 
proportion of boundary channel to cell area on the 
interface decreases as the interface advances toward 
the centre of the ingot. The freezing of the boundary 
regions near the outer wall of the ingot draws liquid 
from the inner channels which, in turn, draws liquid 
from the interface layer. This flow of material 
enriches the outermost layers of solid with solute of 
approximately eutectic composition. The amount of 
enriched material added to any area parallel to the 
outer surface will depend upon the amount of 
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boundary area at that point. Thus, since the dendrite 
size increases as a function of distance from the outer 
surface, the amount of enriched material deposited 
by boundary segregation will decrease as a function 
of distance from the outer surface. The boundary 
concentration may be orders of magnitude greater 
than the dendrite core concentration; thus the 
boundary segregation may contribute greatly to the 
average concentration. If it is assumed that the 
boundary concentration is constant regardless of 
dendrite size in any ingot, then this will account for 
the phenomenon of inverse segregation. 

Since this type of segregation is due to liquid flow 
along the channels between the cells and dendrites, 
the degree of segregation will depend primarily upon 
the following: 

(i) The amount of liquid which must flow along these 
channels to feed the solid forming at the base of 
the channels 

(ii) The concentration of solute in the liquid freezing 
at the base of the channel. 

The greater the volume change on solidification, AY, 
the greater (i) must be. The longer the channel, the 
greater will be the average concentration of the liquid 
at the base of the channel before any freezing begins. 
This length will depend upon the freezing range of 
the alloy, and the temperature gradient in the solid 
since this will determine the distance between the 
main interface and the base of the channels. The 
higher the thermal conductivity of the solid, the lower 
will be the temperature gradient in the solid. There- 
fore a large AV, a large freezing range, and a high 
thermal conductivity all tend to increase the tendency 
for inverse segregation. These features are all present 
in alloys which show the most pronounced examples 
of inverse segregation, i.e. Al and Cu. 

Equiaxed zone 

As mentioned previously, when the degree of super- 
cooling ahead of the dendrites is great enough, nuclei 
of solid will form in this volume of liquid. The number 
of nuclei forming per unit volume per unit time in 
this region will again depend on the number of 
heterogeneous particles per unit volume that will act 
as nucleating agents. The supercooling at which these 
grains begin to form will depend on the potency of 
the heterogeneous particles. As these randomly 
oriented grains begin to grow from certain centres in 
the liquid, they will build up a solute distribution 
ahead of them and, as the interfaces of the grains 
become closer together, the solute distributions will 
increase to second-phase proportions in a thin layer 
as they butt against each other. 

In part I, calculations were carried out to show 
how much of a particular solute could be segregated 
at these boundaries as a function of the distance x, 
from the separating line between the grains. This 
calculation assumes that the solute distribution is 
steady state before the grains begin to butt against 
each other; in practice, the grain-size may be such 
that steady state is not reached. For an average 
freezing rate R, the liquid interface concentration of 
the grain is given approximately by 

Cy =Co{(1 — kyl —e ~*?) + &} ..... 
h 
where ¢ is the 


..(5) 


time elapsed since nucleation of the 
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Fig. 22— Terminal transient solute distribution in the 


. . R 
solid as a function of parameter D* 


grains. If the grain radius is d, then the time required 
to freeze the grain will be given by t = d/R. If it is 
assumed that d is large with respect to the thickness 
of the segregated layer at the boundary, then the 
interface concentration as the grains get close together 

can be given by 
C; ws C,i (1 

k 

When the grains begin to get very close together 
(10-* to 10-* em), the presence of the approaching 
grain will be felt and a build-up of solute will occur 
between the grains. ‘The calculation for C,(zx,)/C, 
given by equation (4) of part I can be utilized if the 
solute distribution has reached steady state ahead of 
the grain. This will be an upper limit in the calculation 
of the segregation. A lower limit can be had by 
treating the transient concentration given by equation 
(6) as a steady state with interface concentration 
(aC,/k). If the rate of build-up due to the approach 
of the other grain is the same as for a steady state 
interface concentration of C,/k, then the build-up for 
C, will be given by a€,(2,)/C,. In fact the build-up 
should be faster than this, so that the limits on the 
concentration in the solid for a particular d will be 
given by C,(x,) where 

a€’,(%_)/Co < 
The factor a can be calculated from equation (6) since 
C; = aC, /k. 

Since the theory predicts that a second phase will 
always be produced provided diffusion in the solid 
is neglected, even if only in an infinitely thin layer 
between the grains, then it is the thickness of this 
layer that will be of interest in the present study. 
Below a certain layer thickness, the second phase, 


kRdjD ky 


; 6) 


Cal(z2)/Co < Cs(ae)/Co (7) 
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TABLE I 
Grain-size required for steady-state growth dss and relative solute segregation 
Cs(x,) Co at Olu and Iu from the grain boundary as a function of R and k D 5 x 10— cm?/s 
d,,, cm Cix, C, atx, = O-lu and 1; 
R, hk =05 k=0-1 k- 001 k ~ 0-001 
mm min . 
k-~05 k- 01 k- 0-01 k- 0001 - - 
01 1 0-1 1 0-1 Ip 0-1 1 
1 6 « 10-4 3 « 10) 3 30 50 16 1000 400 1000 1000 1000 - 1000 
6 10-* 5» 10-9 5 » 10-1 5 18.5 6 1000 32 1000 45 1000 55 
12 510% 2-5 10-* (2-5 « 10" 2.5 14 4 300 17:5 800 23 1000 25 | 
24 2-5 x 10-9 | 1-2 x 10-* (1-2 » 10-1 1-2 10 3 156 4 200 12 300 13 
48 12» 10% 6» 10% 6» 10" 6» 10 65 2-5 38 45 66 6 72 6:5 | 
240 2-5 x 10 (1-2 « 10.9% (1:2 « 104 (1-2 « 107 3 1-3 4 1-6 12-5 1-7 13-5 1-8 
1200 5. 10 (2-5 ~ 10-* 2-5» 10-* 2-5 » 10-* 1-6 1 2-5 1-1 2-9 1-2 3-0 13 
if it forms, will not remain stable as a continuous lu, gives C,(x,) C, = 400 and 16 for k = 0-1 and 


film, but will break up into particles for surface energy 
reasons. By considering the equations of Smith e¢ al.® 
it can be shown that for values of the parameter 
Rx, D < 0-1 the concentration in the liquid is about 
constant; therefore, if a second phase begins to form 
at a certain x,, the width of the second phase region 
will be 27,. In Table I, the ratio of concentration 
in the solid to initial concentration as a function of 
growth rate and k value have been calculated for 
nominal 2, values of 0-1 and ly. These calculations 
assume that the grain-size is equal to or larger than 
the grain-size required for a steady-state build-up. 
This steady-state grain size d,, is given also in 
Table I. 

From this table, the initial concentration C, can 
be 1-3 orders of magnitude below the solid solubility 
limit and still a continuous film of second phase will 
be formed at the boundary. Table II gives k values 
for several elements in 6Fe. These values were taken 
from binary diagrams and would, of course, be affected 
by ternary and quaternary additions. The build-up 
of oxygen and sulphur at the grain boundaries will 
be large, so that stable oxides and sulphides will be 
formed even when the initial concentration of these 
elements in the melt is very small. The inclusions 
observed at the grain boundaries of an ingot are, in 
the author's opinion, formed by the above mechanism 
and are not mainly due to their presence in the liquid 
phase before casting. 

The formation of FeS at the grain boundaries in 
Fe is in the form of a continuous film which is 
deleterious to the mechanical properties of the 
material. This grain boundary film may be eliminated 
by the addition to the melt of an appropriate element 
that produces a more stable sulphide than FeS, i.e. 
Mn, Ti, or Zr. It is observed that Mn is more effective 
than either Ti or Zr in eliminating the FeS film from 
the grain boundary. However, Ti and Zr form more 
stable sulphides than Mn, and thus one should expect 
both Ti and Zr to be more effective than Mn. The 
solution to this apparent paradox comes from con- 
sidering the distribution coefficients of Mn, Ti, and 
Zr in Fe (Table 11). They are 0-15, 0-6, and 0-5 
respectively. From Table I, R = 1 mm/min and 2, 
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0-5 respectively. Thus, for the same initial concentra- 
tion in the melt, about 10 times more Mn will be 
segregated at the grain boundary than either Ti or 
Zr. Therefore, even though the Mn forms a less stable 
sulphide than either Ti or Zr, it will be several times 
as effective since it segregates preferentially to the 
grain boundaries on solidification 

A general rule concerned with the replacement of 
a sulphide film at a grain boundary by a more stable 
sulphide may be formulated. The addition element 
that will be most effective is the element which has 
the smallest distribution coefficient in the particular 
solvent (e.g. Mg in Ni). This rule can be applied to 
the replacement of any deleterious grain boundary 
phase by a more desirable phase. ; 

In this study, interest is basically in a fine grain 
structure since this gives only microsegregation which 
can be either annealed out or broken up by working. 
From the physical principles outlined, qualitative 
prediction of the factors can be made which will give 


TABLE II 


Distribution coefficients k for various solutes in Fe, 
Mo, and Ti 











Solute k in Fe k in Mo k in Ti 
{ _— 
j P 0-2 
Mn 0-15 0-3 
Mo 07 
( 0-25 0-1 ~3 
oO 0-1 ~6 
Ss 0-002 
Al 0-6 0-3 0-4 
Si 0-7 0-3 
Be 0.01 
B 0-02 
Ww 1-1 2 
} Fe 0-3 
| Ti 0-6 
Zr 0-5 0-4 
EE a ee, ee ee ae niece: ee 
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a large ratio of equiaxed structure to columnar 
structure, and a fine grain structure in these regions. 

To ensure a fine grain structure in the chill layer, 
a large number of effective nucleating parti les per 
unit volume will be needed (i.e. catalysts that will 
produce solid formation at small supercoolings). This 
will also lead to a fine structure in the columnar zone. 
For the same reasons, the nucleating agents will assist 
in producing a fine grain structure in the equiaxed 
zone. 

To account for the proportion of equiaxed to 
columnar structure, one must Fig. 19 of 
part I. Here it will be seen that the critical super- 
cooling required for the nucleation of the equiaxed 
crystals can be affected by varying either the equi- 
librium temperature distribution or the actual tem- 
perature distribution. A small & value or a large C 
will lead to a large equilibrium temperature difference 
between the interface and the liquid of concentration 
C,. This will allow the critical constitutional super- 
cooling required for nucleation to occur at a steep 
temperature gradient which will exist in the liquid 
when the interface is close to the outer wall of the 
ingot. Thus, the greater the freezing range of the 
alloy, the greater will be the proportion of equiaxed 
to columnar crystals. By consideration of the actual 
temperature distribution in the liquid, it can be seen 
that the smaller the superheat of the melt, the sooner 
conduction through the mould wall can lower the 
temperature gradient to the critical value of constitu- 
tional supercooling. This will occur closer to the outer 
wall of the ingot. 

The work of Northcott’: ® substantiates these 
predictions. His experimental results can be accounted 
for on the basis of this theory, but it requires an 
analytical treatment to deal with them in detail and 
this will not be considered here. 

The foregoing describes qualitatively the essential 
features of ingot solidification. Analytical treatments 
of the various aspects discussed here are under way 
and details will be published later. 


consider 


Ingot size effect 


The foregoing treatment is straightforward for 
ingots of size where the temperature 
gradients are sufficient to control the solidification 
under all the various modes of solidification. How- 
ever, when the freezing of large ingots is considered, 
it will be seen that there is no escape from large units 
of macrosegregation. 

In a large ingot cast in the conventional fashion, 
after a thick wall of solid metal has formed, the 
temperature gradient in the solid has decreased to a 
very small value and the temperature gradient in the 
liquid has decreased to almost a zero value. There- 
fore, when grains begin to nucleate and grow in the 
equiaxed region, their latent heat will remain in the 
vicinity of this region for an appreciable period of 
time. This will inhibit the nucleation of more equiaxed 
grains and the first few crystals to nucleate will grow 
large. Because the conduction of heat away from 
this region will occur slowly, the grains will grow 
slowly. There will therefore be large regions of solute 
segregation when these grains grow together and butt 
against the columnar zone. Since the rate of freezing 


reasonable 
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Fig. 23—Successive interface positions during the con- 
ventional method of ingot solidification as com- 
pared to a hot-topping or continuous deposition 
method 


nal method n t 


of these equiaxed grains is an order of magnitude 
smaller for large ingots (100 in. dia.) than for small 
ingots (10 in. dia.), from Table I one can expect that 
the thickness of the second phase region may be an 
order of magnitude larger in large ingots than in small 
ones for the same ( Conversely, for a large ingot 
the C, values for oxygen and sulphur will need to be 
1 or 2 orders of magnitude smaller than for a small 
ingot if the same degree of oxide and sulphide forma- 
tion is not to be exceeded 

Perhaps even more disastrous to the properties of 
the ingot is the fact that accompanying this macro- 
segregation there will shrinkage 
effect as large volumes of trapped liquid freeze. This 
shrinkage will occur in the regions last to freeze which 
of gregation. Thus 
there is a second phase plus one of the following 


be a macroscopic 


also are the regions greatest se 


(i) High stress concentration 

(ii) Porosity 

(iii) Shrinkage cavity. 

This size effect inherent in the conventional method 
of casting seriously limits the quality of large ingots 
and a different method of casting must be devised 
which will not have this size effect limitation if sound 
ingots of large size Any such method 
must be able to satisfy three basic constraints. First, 
it is necessary to eliminate any shrinkage effects on a 
macroscopic scale and minimize them on a micro 
scopic scale. The method of casting must, therefore, 
be such that liquid is able to feed the central portion 
of the ingot. A method utilizing a controlled deposi- 
tion rate of liquid metal is needed for this. Figure 23 
represents the relative interface positions as a function 
of time in ingots cast by conventional practice and 
by a hot-topping or continuous deposition method 
In ingot, a pronounced shrinkage cavity will 
form, in the other, no shrinkage cavity will form 
The important point to consider here is the shape of 
the interface. As the diameter of the ingot is sealed 
up the deposition rate must be adjusted accordingly 
to maintain a desirable interface shape. The second 
constraint is concerned with the inhibition of the 
nucleation of equiaxed crystals, or at least the control 


are desired. 


one 


of their size. To do this, it is necessary to eliminate 


any large degree of constitutional supe reooling or at 
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least confine it to a narrow region ahead of the 
interface. This can be done either by maintaining a 
steep temperature gradient in the liquid or by 
eliminating the solute distribution by forced convec- 
tion in the melt. In practice, a combination of the 
two may be attained. The third constraint involves 
the lowering of the C, level of those impurities that 
create inclusions. Fortunately, these constituents are 
either gases or can combine with other elements to 
form gaseous products which can be extracted from 
the melt by maintaining a vacuum in contact with 
the molten metal. 

Two methods of casting which satisfy these three 
basic constraints and are therefore capable of eliminat- 
ing the macroscopic defects from ingots are: (a) 
consumable electrode vacuum-are melting,® and (b) 
drip-pool melting. 1 The vacuum-arc melting is 
in a more advanced stage of development than the 
drip-pool melting techniques, and thus will probably 


be the method first utilized for the production of 


large ingots. 
CONCLUSIONS 


The theory of solidification, in its present stage of 


development, is capable of predicting the essential 
features of ingot solidification. Some of these features 
are: 

(i) Rimming action in steel to blowhole 
formation 
Development of a 
columnar grains 


pre duce 


(ii preferred orientation in 


(iii) Segregation to substructure boundaries 


(iv) Inverse segregation by interdendritic flow of 


enriched liquid 
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(v) Ratio of equiaxed zone to columnar zone depen- 
dence on superheat and freezing range 
Formation of inclusions at the boundaries of 
equiaxed grains. The theory, which appears to 
have been well substantiated by experimental 
fact, can now be exploited to enable the foundry- 
man to devise methods for increasing the quality 
of ingots. 


(vi 


By applying the theory to the solidification of large 
ingots, it has been shown that severe macrosegregation 
and shrinkage are unavoidable if the ingots are pro- 
duced by conventional methods; however, theoreti- 
cally it is possible to produce ingots of any size 
without macrosegregation or shrinkage if the proper 
solidification method is used. 
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Boron-treated cast steels 


By W. J. Jackson, B.S., M.Sc.(Eng.), A.R.I.C., A.M. 


COMPREHENSIVE REVIEWS of the development of boron 
steels have appeared previously! * * and need not 
be discussed in detail. However, brief mention will 
be made of the more important aspects of the effects 
of boron. 

It is generally accepted that the most outstanding 
effect of the addition of boron to low-alloy steel is the 
consequent increase in hardenability.*7 This effect 
decreases with increasing carbon content, and is 
virtually negligible in the eutectoid composition.* ® 
It also rapidly decreases with increase of nitrogen 
content in solid solution.* '® Other factors which 
influence the improvement of hardenability are 
austenitizing temperature and rate of cooling. At 
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SYNOPSIS 


In the first part of this investigation, boron additions were made 
to low-carbon molybdenum cast steels. Reproducible tensile, 
impact, magnetic, and depth properties were obtained. In the 
normalized condition, consistently high tensile strengths and good 
magnetic properties were exhibited. The impact properties were 
not high but were of the same order as may be expected from 
carbon steels at a similar tensile level. For castings where high 
impact strengths are not required, the low-carbon molybdenum 
boron steels appear to have a useful application. 

In the second part of the investigation, boron additions were 
made to 14°)Mn, 14°,Mn—Mo, 1}°%Cr-Mo, and 14°;,Ni-Cr—Mo cast 
steels. By the Jominy end-quench test, it was found that the 
hardenability of each steel was increased, particularly that of the 
1$°%Mn-Mo steel. In fully hardened sections tempered to equal 
hardness, tensile properties were not significantly affected by the 
boron additions. In fully and incompletely hardened sections, 
impact properties of some boron-treated steels were somewhat 
better, yet for others slightly worse than those of the boron-free 
steels of otherwise similar composition. It was concluded that 
improvement in impact properties was not necessarily associated 
with increased hardenability resulting from boron treatment, and 
that the replacement of conventional alloys by boron could not be 
recommended, 1580 
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1A 
Fig. 1—Clover-leaf test block casting 


high austenitizing temperatures, the effect on harden- 
ability is decreased,® * but can be recovered by 
lowering to a normal] austenitizing temperature before 
quenching.’ The effect of boron does not appear 
when the rate of cooling is comparatively slow.® ® 
The amount of boron required in the steel to 
improve hardenability is very small, probably less 


than 0-01% being as effective as a few percent of 


the more conventional elements.* The optimum 
quantity is variously quoted as 0-002%,4 0-001%,° 
0-002-0-005°%,* 11 and 0-003-0-008°%.22 The addi- 
tion of boron should, however, be preceded by strong 
de-oxidizers and de-nitrifiers, and be made to the 
ladle, otherwise the boron will be lost or occur in an 
ineffective form. °® 

Published data on mechanical properties obtainable 
in boron steels are Jess plentiful than that on harden- 
ability, and relate mostly to wrought steels. At 
equal hardness levels boron is reported to have no 
effect on tensile and yield strengths of fully hardened 
and tempered steels.® 13 The effect on impact strength 
appears to be largely dependent on the hardened 
section size and the tempering treatment, but boron 
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can markedly lower the impact values.® Slightly lower 
tempering temperatures are required for equivalent 
strength and hardness for boron-treated steels than 
for other steels of equivalent hardenability.* !4 

From the foregoing, it follows that low-alloy boron- 
treated steels should be quenched and tempered to 
secure best mechanical properties with 
improved hardenability. There is one important 
exception, however, in that a low-carbon molyb- 
denum—boron steel* has been found to show markedly 
superior tensile properties in the normalized and even 
in the as-rolled conditions. The development of this 
high-strength steel, which also exhibits very good 
weldability, has been described by Bardgett and 
Yeeve.!4 Although this steel does not require quench- 
ing, the cooling rate in normalizing must exceed a 
critical rate which is called the ‘limiting rate of 
cooling ’ (L.R.C.), for the improved tensile properties 
to be realized. The austenite transformation then 
takes place at a lower temperature. The effect is 
somewhat analogous to full hardening, but should not 
be confused with it, the 
approaches that for 
martensite. 

It is clear, therefore, that there 
applications of boron in steels 


associated 


( ooling rate 


the 


since never 


necessary formation of 


are two distinct 

(i) To low-carbon molybdenum steels, to improve 

tensile properties in the normalized condition 

(ii) To medium-carbon low-alloy steels, to improve 

hardenability. 

Published work. concerning these applications 
relates almost exclusively to wrought steels. One 
notable exception is the work of Gertsman, Faurschou, 
and Buhr’ who investigated the mechanical proper- 
ties of low-carbon molybdenum steels treated with 
boron and rare-earth metals. The mechanical proper- 
ties of cast medium-carbon boron steels have been 
reported on,'!® while the use of boron to increase 
the wear resistance of cast steels has been 
described.!': 17 High-boron (4-6%) cast steels for 
application in atomic energy engineering have been 
investigated'*® but the scope of these steels is entirely 
different from that at present under discussion, and 
no further reference to them will be made. 


also 





* This steel is the subject of British Patent No. 611598 
and is registered as ‘ Fortiweld.’ 


TABLE I 


Results of chemical analyses of low-carbon molybdenum-~-boron steels 





Condition 


Composition, 
Boron 


Nitrogen 


Acid 
Sol. 


Acid 


Sol. 
Insol. Sol 


Total Insol. | Total | 





As-cast 0-107 


Normalized 
| As-cast 0-114 
Normalized 


As-cast | 0-109 
Normalized | 
As-cast 0-115 
Normalized | 





0 0065 | 
0 0065 


024 0.0007 


00011 


0.0023 0.0030 0020 


0020 


0045 
0045 


0-21 06-0017 


0 0018 


00033 0.0050 0025 


0020 


0040 


0045 


0.0065 | 
0-0065 | 


0:27 06-0027 


0.0027 


0.0029 | 0.0056 0020 


0010 


0035 
0 0040 


0 0055 
| 00050 
0-24 0.0010 


0.0016 0.0026 
06-0011 | 


0025 
0010 


0030 | 0-0055 
0045 | 0-0055 





* Spectrographic determination 
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TABLE Il 


Values of LRC and lower and upper critical points of 
low-carbon molybdenum-~—boron heats 





1 Value 





Heat No. Cimin) Ac;, °C Ac,, _C 
1 50 745 970 
2 50 745 960 
3 45 750 975 
4 50 745 960 | 


L _ 





Because of the meagre information available on the 
mechanical properties of boron-treated cast steels, it 
was decided to carry out an investigation with the 
following aims in view: 

To establish the extent to which the tensile, 
impact, and magnetic properties of low-carbon 
molybdenum boron cast steelst are reproducible. 
Also to investigate the influence of a double 
normalizing as compared with a single normalizing 
treatment. 

To establish for a series of medium-carbon low- 
alloy steels of varying total alloy content, the 
extent to which hardenability may be increased 
by boron treatment. Also to investigate the 
variation in mechanical properties in the fully 
hardened and tempered condition, and the varia- 
tion in properties owing to * mass effect.’ 


(l 


(11) 


LOW-CARBON MOLYBDENUM 
BORON STEELS 


Provision of material 


SECTION I: 


Steels were made in a 100-lb h.f. furnace. Details 
of the steelmaking procedure are given in Appendix I. 
Each heat of steel was cast into four moulds to give 
clover-leaf test block castings of the dimensions shown 
in Fig. 1. Chemical analyses of each of the four heats 
are given in Table I and nitrogen and soluble-boron 
contents are quoted for both the as-cast and nor- 
malized conditions. 

As an additional check on the effectiveness of the 
boron addition, the L.R.C. test was carried out on 
each heat before heat treatment of the test material. 
This test involves dilatometric determination of the 
slowest cooling rate to give a ‘lower ferrite’ trans- 
formation, which is associated with the improvements 
in tensile properties.'* The L.R.C. values are given 
in Table Il, together with the Ac, and Ac, tempera- 
tures, determined from the dilatometer heating 
curves 


+ * Fortiweld > in cast form. 
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TABLE III 


Comparison of cooling rates*’ 


Approx. equivalent, in. 


L.R.C. value, 
C/min Plate Bar | 
thickness diameter | 
90 1 2 
50 1} 3 
38 2 4 
25 3 6 


Heat treatment and testing 

Feeder heads and test leaves were removed from 
all the test block castings by sawing. Individual test 
leaves of about 1} in. dia. were used for heat treat- 
ment, for despite the rather low acid soluble (effective) 
boron content of heats nos. 1 and 4, the L.R.C. values 
of 45-50° C/min indicated that improved properties 
should be maintained in bars up to about 3 in. dia., 
or in parallel sided sections up to about 14 in. thick- 
Table ILI). 

Single normalizing treatments were given by heating 
the test leaves to 1 000° C, holding at temperature for 
1 h, and cooling in air. This procedure was repeated 
for the double normalizing treatments. Higher 
austenitizing temperatures were required for this type 
of steel because of the combined effects of low carbon, 
and about 0-5°,Mo in raising the Ac, temperature to 
about 970° C Table II). 

One standard 0-564 in. dia. tensile test piece was 
machined from each heat in each of the single and 
double normalized conditions, and tested in a 50-ton 
universal testing machine. Twelve Charpy 10 x 10 

60 mm V-notch impact test pieces were also 
machined from each heat in each condition of heat 
treatment. Impact tests were made on a standard 
Charpy machine, over a temperature range of — 40 
to 130° C. The method of attaining the required 
testing temperature is given in Appendix [I. 

Hardness tests on representative specimens and 
test-leaf sections showed that there was no variation 
along the length of the test blocks or transversely 
through the test leaves. The overall hardness was 
found to be very consistent. 

For magnetic permeability tests on this material, 
bars of the following dimensions were machined from 
each heat in the single normalized condition: 


ness (see 


(.se¢ 


TABLE IV 


Tensile properties of low-carbon molybdenum -boron steels in the single and double normalized conditions of 
heat treatment 








Proof Stress, tons in 


Heat Heat U.T.S., 
Treatment No tons in: 
0-02 0-05 
| 1 44.3 27:4 29.5 
Single 2 465 7-3 28.7 
Normalized 3 45.2 24:7 25:7 
4 449 247 26:5 
| 457 27-7 30.9 
Double 2 468 27-5 28.9 
Normalized 3 45.3 27-0 7-9 
a 44-7 26 5 27-9 
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Limit of Elongation Reduction 
Proportionality, on 4\/A, of Area, 
0-1 0-2 tons in? ) 
30-5 32.0 15-0 24:0 49-1 
29:3 30-7 15-3 23:5 47-1 
27-1 28-7 12-0 23:0 50-4 
27-7 29:1 12.0 240 48-6 
31-3 32-6 14.0 23-0 48-4 
29.9 30.9 13-0 23-0 45:5 
28-7 29.8 16:5 23:0 51.2 
28-5 29.9 14-5 24:0 49.9 
AUGUST, 1959 
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TEST TEMPERATURE. * 


. 2—Charpy V-notch impact energy and fracture appearance transition curves for four heats of low-carbon 
molybdenum-boron cast steel 


Width 2-7 em 

Thickness 0-4 em 

Length 17-5 cm (approx.) 
A secondary coil of 50 turns of 36 s.w.g. enamelled 
wire was wound on to each bar, over an insulating 
layer of American tape. A permeameter of 5 in. 
effective length was used to obtain the B/H readings. 
Test results and discussion 

Tensile tests—Tensile test results, including proof 
stress measurements are given in Table IV, which 
shows that in both the single and double normalized 
conditions of heat treatment, consistently high tensile 
properties were obtained. It was clear that double 
normalizing offered no advantages in so far as 
improved tensile properties were concerned. 

Impact transition tests—Impact energy and fracture 
appearance transition curves were drawn for each heat 
in each condition of heat treatment. The curves are 
shown in Fig. 2. Transition temperatures, using the 
criteria of mean impact energy and 50°, fibrous 
fracture, were interpolated from the curves, and these 
results are given in Table V. 

The results show that the impact properties are 
fairly consistent, and while not as good as low-alloy 


TABLE V 
Mean energy and 50°,, fibrous fracture transition tem- 


peratures of low-carbon molybdenum-boron steels 
in two conditions of heat-treatment 





As determined by the V-notch Charpy impact tests 


Mean 
Hardness 
V.P.N., 
50 kg load 


Mean 50°,., Fibrous | 

Energy Fracture 
Transition Transition 
Temp., © C Temp., © ¢ 


Heat Heat 
Treatment No, 


| 


226 +53 + 65 
232 65 50 
229 62 62 
226 1-50 58 


Single 
Normalized 


mon 


| 
231 68 62 
237 +65 62 
230 65 65 


+ 56 62 


Double 
| Normalized 
| 


moh = 
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cast steels heat treated to similar tensile levels, they 
are equally as good as carbon steels made to B.S. 
592 grade C, or B.S. 1760 grade A. In the latter speci- 
fications, impact tests are not called for but if carried 
out, the impact values would probably not exceed 
10 ft-lb, which is the average room temperature 
Charpy V-notch value obtained in these experiments. 
In spite of the slight grain refinement resulting from 
the double normalizing treatment (see Fig. 3) the 
impact properties were not improved. 

Magnetic permeability tests—B/H curves were drawn 
for magnetizing field strengths up to 80 Oe, as shown 
in Fig. 4. It is apparent that the magnetic properties 
of this material, in the range tested, are inferior to 
the requirements of B.S. 1617: 1957* grade A or B 
material. However, the magnetic properties appear 
to be reproducible, and the ductility of this materia] 
(see Table LV) is sufficient to meet the requirements of 
B.S. 1617: 1957, which specifies a minimum elongation 
of 22°, for grade A material. In general, the magneti 
properties were favourable for mate rial of such a high 
tensile level. 


Conclusions 

The following tests 
carried out on four consecutive heats of low-carbon 
molybdenum~—boron steel, cast into clover-leaf moulds 
from a 100-lb basic lined h.f. furnace, the addition 
of boron by ferro-boron being preceded by thorough 
de-oxidation with aluminium and ferro-titanium. 

(1) The tensile properties obtained in test bars nor- 
malized in 1}-in. dia. section were consistently good, 
45 tons/in? U.T.S., being associated with an elongation 
of 23°, a reduction of area of 50°, and a 0-1°%, proof- 
stress/U.T.S. ratio of 0-65. 

(2) The impact properties were low in comparison 
with low-alloy steels heat treated to similar tensile 
levels, but were equally as good as the higher-tensile 
carbon steels which are not nor mally tested for impact 
strength. The average room temperature Charpy 


conclusions are based upon 


>> 


* B.S. 1617: 1957: ‘ Mild steel castings of high mag 
netic permeability.’ 
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TABLE II 


Values of LRC and lower and upper critical points of 
low-carbon molybdenum —boron heats 





L.R.C. Value Ac,, °C 


Heat No. Cimin 


Ac,, °C 





970 
960 
975 
960 


50 
50 
45 
50 





Because of the meagre information available on the 
mechanical properties of boron-treated cast steels, it 
was decided to carry out an investigation with the 
following aims in view: 

(i) To establish the extent to which the tensile, 

impact, and magnetic properties of low-carbon 
molybdenum—boron cast steelst are reproducible. 
Also to investigate the influence of a double 
normalizing as compared with a single normalizing 
treatment. 
To establish for a series of medium-carbon low- 
alloy steels of varying total alloy content, the 
extent to which hardenability may be increased 
by boron treatment. Also to investigate the 
variation in mechanical properties in the fully 
hardened and tempered condition, and the varia- 
tion in properties owing to ‘ mass effect.’ 


LOW-CARBON MOLYBDENUM 
BORON STEELS 


Provision of material 


SECTION I: 


Steels were made in a 100-lb h.f. furnace. Details 
of the steelmaking procedure are given in Appendix I. 
Each heat of steel was cast into four moulds to give 
clover-leaf test block castings of the dimensions shown 
in Fig. 1. Chemical analyses of each of the four heats 
are given in Table I and nitrogen and soluble-boron 
contents are quoted for both the as-cast and nor- 
malized conditions. 

As an additional check on the effectiveness of the 
boron addition, the L.R.C. test was carried out on 
each heat before heat treatment of the test material. 
This test involves dilatometric determination of the 
slowest cooling rate to give a ‘ lower ferrite’ trans- 
formation, which is associated with the improvements 
in tensile properties.1® The L.R.C. values are given 
in Table Il, together with the Ac, and Ac, tempera- 
tures, determined from the dilatometer heating 
curves. 





+ * Fortiweld ’ in cast form. 
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TABLE III 


Comparison of cooling rates’ 





Approx. equivalent, in. 


L.R.C. value, 
C/min 
Bar 

diameter 


Plate 
thickness 











Heat treatment and testing 

Feeder heads and test leaves were removed from 
all the test block castings by sawing. Individual test 
leaves of about 1} in. dia. were used for heat treat- 
ment, for despite the rather low acid soluble (effective) 
boron content of heats nos. 1 and 4, the L.R.C. values 
of 45-50° C/min indicated that improved properties 
should be maintained in bars up to about 3 in. dia., 
or in parallel sided sections up to about 14 in. thick- 
ness (see Table III). 

Single normalizing treatments were given by heating 
the test leaves to 1 000° C, holding at temperature for 
1 h, and cooling in air. This procedure was repeated 
for the double normalizing treatments. Higher 
austenitizing temperatures were required for this type 
of steel because of the combined effects of low carbon, 
and about 0-5°,Mo in raising the Ac, temperature to 
about 970° C (see Table II). 

One standard 0-564 in. dia. tensile test piece was 
machined from each heat in each of the single and 
double normalized conditions, and tested in a 50-ton 
universal testing machine. Twelve Charpy 10 x 10 

60 mm V-notch impact test pieces were also 
machined from each heat in each condition of heat 
treatment. Impact tests were made on a standard 
Charpy machine, over a temperature range of — 40 
to 130°C. The method of attaining the required 
testing temperature is given in Appendix II. 

Hardness tests on representative specimens and 
test-leaf sections showed that there was no variation 
along the length of the test blocks or transversely 
through the test leaves. The overall hardness was 
found to be very consistent. 

For magnetic permeability tests on this material, 
bars of the following dimensions were machined from 
each heat in the single normalized condition: 


IV 


Tensile properties of low-carbon molybdenum -boron steels in the single and double normalized conditions of 
heat treatment 





Proof Stress, tons in 


U.T.S., 
tons in: 


Heat 
Treatment 


Reduction | 


of Area, | 


Limit of 
Proportionality, 
tons in? 


Elongation 
on 4,/A, 





Single 
Normalized 


Double 
Normalized 


Varco sSoows 
eoeoscse sous 
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EMPERATURE 


. 2—Charpy V-notch impact energy and fracture appearance transition curves for four heats of low-carbon 
molybdenum-boron cast steel 


Width 2-7 cm 

Thickness 0-4 cm 

Length 17-5 cm (approx.) 
A secondary coil of 50 turns of 36 s.w.g. enamelled 
wire was wound on to each bar, over an insulating 
laver of American tape. A permeameter of 5 in. 
effective length was used to obtain the B/H readings. 


Test results and discussion 


Tensile tests—Tensile test results, including proof 


stress measurements are given in Table IV, which 
shows that in both the single and double normalized 
conditions of heat treatment, consistently high tensile 
properties were obtained. It was clear that double 
normalizing offered no advantages in so far as 
improved tensile properties were concerned. 

Impact transition tests—Impact energy and fracture 
appearance transition curves were drawn for each heat 
in each condition of heat treatment. The curves are 
shown in Fig. 2. Transition temperatures, using the 
criteria of mean impact energy and 50%, fibrous 
fracture, were interpolated from the curves, and these 
results are given in Table V. 

The results show that the impact properties are 
fairly consistent, and while not as good as low-alloy 


TABLE V 
Mean energy and 50°, fibrous fracture transition tem- 


peratures of low-carbon molybdenum-—boron steels 
in two conditions of heat-treatment 


As determined by the V-notch Charpy impact tests 





Mean 50°., Fibrous 

Energy Fracture 
Transition Transition 
Temp., °C Temp., °C 


Mean 
Heat Heat Hardness 
Treatment No. V.P.N., 
50 kg load 


226 53 + 65 

Single 232 65 + 50 
Normalized p 229 62 62 
226 +50 + 58 


231 68 62 

Double +65 62 
Normalized a 65 65 

} + 56 62 
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cast steels heat treated to similar tensile levels, they 
are equally as good as carbon steels made to B.S 
592 grade C, or B.S. 1760 grade A. In the latter speci- 
fications, impact tests are not called for but if carried 
out, the impact values would probably not exceed 
10 ft-lb, which is the average temperature 
Charpy V-notch value obtained in these experiments. 
In spite of the slight grain refinement resulting from 
the double normalizing treatment (see Fig. 3) the 
impact properties were not improved. 

Magnetic permeability tests—B/H curves were drawn 
for magnetizing field strengths up to 80 Oe, as shown 
in Fig. 4. It is apparent that the magnetic properties 
of this material, in the range tested, are inferior to 
the requirements of B.S. 1617: 1957* grade A or B 
material. However, the magnetic properties appear 
to be reproducible, and the ductility of this materia] 
(see Table IV) is sufficient to meet the requirements of 
B.S. 1617: 1957, which specifies a minimum elongation 
of 22°, for grade A material. In general, the magnetic 
properties were favourable for material of such a high 
tensile level. 


room 


Conclusions 

The following conclusions upon tests 
carried out on four consecutive heats of low-carbon 
molybdenum—boron steel, cast into clover-leaf moulds 
from a 100-lb basic lined h.f. furnace, the addition 
of boron by ferro-boron being preceded by thorough 
de-oxidation with aluminium and ferro-titanium. 

(1) The tensile properties obtained in test bars nor- 
malized in 1}-in. dia. section were consistently good, 
45 tons/in? U.T.S., being associated with an elongation 
of 23°, a reduction of area of 50°, and a 0-1°%, proof- 
stress/U.T.S. ratio of 0-65. 

(2) The impact properties were low in comparison 
with low-alloy steels heat treated to similar tensile 
levels, but were equally as good as the higher-tensile 
carbon steels which are not normally tested for impact 
strength. The room temperature Charpy 

* B.S. 1617: 1957: 
netic permeability.’ 
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Fig. 3—-Microstructures of low-carbon molybdenum -boron cast steel, 


V-notch value was of the order of 10 ft-lb. The 50% 
fibrous fracture impact transition temperatures were 
in the range 50—65° C, 

(3) The L.R.C. test indicated that the improved 
tensile properties associated with this steel can be con- 
sistently developed in the normalized condition, in 
sections up to 3 in. dia. thickness 
(plates). 

4) No advantage was gained by double normalizing 
low-carbon molybdenum—boron steels. 

(5) Magnetic properties were found to be reproduc- 
ible. At field strengths of less than 80 Oe however, 
magnetic prope rties S were inferior in comparison to the 
requirements of B.S. 1617: 1957 grade A or B material. 


{bars) or 14 in. 


SECTION II: LOW-ALLOY 
Provision of material 


BORON STEELS 


Steels were made in the same h.f. furnace as was 
used for making the low-carbon molybdenum—boron 
steels. Steelmaking procedure was similar, and details 
are given in Appendix I. Four boron-free and four 
boron-treated heats were made in the following types 
of steel: 


14°4Mn, 


14°%Mn—Mo, 1}°,Cr—Mo, 

Four clover-leaf test block 
sions given in Fig. 1, 
analyses of which are given in Table \ 


14°%,Ni-Cr—Mo. 
castings, of the dimen- 
were cast from each heat, the 
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heat no. 1, etched 2% nital 

The general purpose of the investigation has been 
stated previously. The testing programme fell 
naturally into three parts: 

i) Jominy end-quench tests, to determine the extent 
to which hardenability is increased by the addition 
of boron 
Tensile and impact transition tests to determine 
the effect of boron on low-alloy steels in the fully 
hardened and tempered condition 
Impact tests on incompletely hardened material 
of different section sizes, to determine the influence 
of boron on ‘ mass effect.’ 


Heat treatment and testing 

Feeder heads were removed from all the test-block 
castings, which were then annealed for 3 h at 950° C. 
Individual test leaves were then removed by sawing. 

One Jominy end-quench test piece was machined 
from each heat, in accordance with specification 
ASTM 255-48T. All test pieces were heated to and 
end-quenched from 900° C, with the exception of the 
14°Ni-Cr—-Mo test pieces, for which a temperature 
of 870° C was used. Hardness traverses were made 
on flats ground on the test pieces after cooling. 

To prepare material in the fully hardened and 
tempered condition, individual leaves from each heat 
were hardened by oil quenching and tempered to a 
nominal 50 tons/in? tensile level (equivalent hardness 
230 B.H.N.). Details of these heat treatments and 
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bs > 
Fig. 4—-Magnetization curves for four heats of low- 
carbon molybdenum-boron steels in single nor- 


malized condition of heat treatment 


the hardnesses obtained are given in Table VII. The 
13° Mn steels were water quenched from the temper- 
ing temperature to minimize temper embrittlement. 
A decreased resistance to tempering of all the boron 
containing steels except the 14°,Mn-Mo may be 
observed. The microstructure of the 14°%Mn-Mo 
boron-treated steel indicated that martensitic harden- 
ing was more complete than in the absence of boron 
(see Fig. 5). Microstructures of the other type of steels 
appeared to be unaffected by the addition of boron. 


BORON-TREATED ( 


AST STEELS 


TABLE VII 


Heat treatment* applied to low-alloy boron-treated and 
boron-free steels in single-leaf section (about 1} in. 
dia.) 


Hardness 
Attained, 
B.H.N 


Harden, Temper, 
h ( h 


Heat 


No. Steel 


Irype 


Mn 


900 0.9. 3 565 W.O , 225 
Mn - B ” 


0 2 565 


900 
900 


Mn Mo 


660 AA 
Mn-Mo B ; 


690 


690 
690 


900 
900 


Cr-Mo 
Cr-Mo B 


690 
690 


900 
900 


Ni-Cr-Mo 
Ni-Cr Mo B;| 2 


* Test blocks annealed 3 h 950 ¢ 


before sectioning 


One standard 0-564 in. dia. tensile test 
machined from each test block and tested in a 50-ton 
universal testing machine. Twelve 10 mm 10 mm 

60 mm Charpy V-notch impact test pieces were 
Hardness tests 


piece was 


also machined from each test block. 
on representative specimens indicated that there was 
no large variation along the length, or transversely 
across the test leaves Impact tests were made on a 
standard Charpy machine over a temperature range 
155° to + 135°C. The method of attaining the 
required test temperature is given in Appendix II. 
For determination of the *‘ mass effect’ with the 
material available, it was decided to simulate oil 


hardening of larger sections by air hardening smaller 
specimens machined to sizes calculated to give cooling 


rates equivalent to the larger sections when oil 
hardened. The method used was that reported by 
Steven and Mayer,”° who deduced that the equivalence 
relationship was satisfactorily represented by the 
equation: 
Da = 1-59 log Do + log b 
where D, is the diameter (in inches) of the bar which 
must be cooled in air to simulate the oil-cooling of a 
bar of diameter D,, and > is a constant, in this case 
having a value of 0-052 for deriving the equivalent 
air-cooling rate at the centre of an oil-quenched bar. 
Four round specimens for air cooling were machined 


log 


TABLE VI! 
Results of analyses of low-alloy heats, with and without boron treatment 





Heat No. Steel Type 








Mn 

»Mn +B 
/Mn-Mo 
Mn-Mo 
,Cr-Mo 
Cr-Mo + B 
, Ni-Cr-Mo 


Ni-Cr-Mo B 
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Composition, 


Boron 


Acid 


Total 
Insol. 


0 043 0:10 


0-045 10 K 0 0019 06-0023 0 0042 


0-047 10 


0 046 09 0 0017 0.0028 0 0045 


0.040 12 


0-040 0.0022 0 0034 0 0056 


0-033 


0 038 0 0002 60-0012 0.0014 
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Mn-Mo Bb 


Fig. 5—Microstructures of 14°,Mn-Mo cast steels with’and without the addition of boron, hardened and tempered, 


etched 2° 


from each test block, to simulate the oil quenching 
of 3, 4, 5, and 6-in. dia. bars. The length of each 
specimen was at least five times its diameter, to 
minimize the effect of end cooling. Heat treatment 
was essentially the same as that given to the indi- 
vidual clover leaves (see Table VII). The two smaller 
sized specimens, however, were in each case held for 
14 h at 900° C instead of 2 h. For air cooling, the 


specimens were suspended in mid-air and shielded 
from extraneous draughts. 
Subsidiary standard 5 mm x 5 


mm 30 mm V- 
notch impact test pieces were machined from the 
round bars and were tested at room temperature 
(+ 20° C) an Avery 120 ft-lb capacity Izod 
machine which had been modified for testing beam- 
type test pieces. 


on 


Test results and discussion 

Hardenability tests—The Jominy curves shown in 
Figs. 6a-d indicate that although the hardenability of 
all the steels has been increased, the most outstanding 
increase resulting from the boron addition has occurred 
in the 14°%Mn-Mo steel. The hardenability of the 
14°%Ni-Cr—Mo steel is seen to be improved by as little 
as 0-0002% acid-soluble This result was 
unexpected, it previously being considered unlikely 


boron. 


TABLE 


» nital 200 


that boron would substantially increase the harden- 
ability of this steel. 


Tensile tests—Tensile test results, including proof 
stress measurements are given in Table VIII. It will 
be seen that in the case of the 14° Mn steel, the 
addition of 0-0019%, acid-soluble boron apparently 
improved the ductility. This, however, may be partly 
accounted for by the slightly lower carbon content 
of heat no. 9 (0-24°,C) compared with heat no. 5 
(0-26%C). The 14°%Mn-—Mo steel, the hardenability 
of which was increased to a marked extent by the 
boron treatment, appeared to show no significant 
change in ductility owing to the addition of 0-0017°,B, 
although lower values of proof stress were exhibited. 
Exogenous inclusions were observed, however, in the 
fracture of the test piece from heat no. 6; therefore, 
in all probability the ductility figures should be higher 
than those quoted. 

The addition of 0-0022°%B to the 14°,Cr—Mo steel 
appeared to lower tensile ductility, but the carbon 
content of heat higher than heat no. 1] 
(0-29%, compared with 0-25%); therefore the dif- 
ference in ductility may not be significant. In the 
case of the 14% Ni Cr—Mo steel, the addition of 
0-0002°%,, acid-soluble boron appeared to increase the 


no. 7 is 


Vill 


Tensile-test results of low-alloy boron-treated and boron-free steels 





Proof Stress, tons in 


U.T.S., 


Stee 
teel tons in’ 


Type 


Mn 
Mn B 


Mn-Mo 
Mn-Mo B 


Cr-Mo 
Cr Mo B 





Ni-Cr-Mo 51-3 t 
Ni Cr- Mo B 37 38 


Reduction 
of Area, 


Elongation 
on 4 





* Extrapolated 
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Fig. 6—Jominy end-quench hardenability curves for steels as shown, with and without boron 


ductility. It is pointed out, however, that a micro- 
examination of the test piece from heat no. 8 revealed 
a chain of inclusions, which would constitute a plane 
of weakness and account for a lowered ductility. 

The general conclusion to be drawn from the tensile 
test results is that the presence of 0-0014-0-0056°% 
total boron in the steels tested did not significantly 
alter tensile ductility. 

Impact transition tests—Impact energy and frac- 
ture appearance transition curves were drawn for each 
material, and are shown in Fig. 7. Transition tem- 
peratures, using for criteria the temperatures to give 
15 ft-lb impact energy, mean impact energy, and 50% 
fibrous fracture, were interpolated from the curves 
and are given in Table IX. 
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The scatter of impact values obtained in impact 
testing was small with the exception of heat no. 8 
(14°%Ni-Cr—Mo steel) which gave scattered results. 
Slight differences in mean hardness between the boron- 
treated and boron-free heats being compared were 
considered insignificant in view of the comparatively 
large transition shifts obtained. 

Examination of the results shows that, with the 
exception of the 14°Mn steel, the addition of boron 
lowered the maximum impact value at the higher 
testing temperatures (i.e. when fracture is 100% 
ductile). The effect of boron on the transition tem- 
perature appeared to depend on the compositional 
type of steel to which it was added. This opinion is 
also held by other investigators,®* *!. *? and it appears 
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ST TEMPERATURE 


> 


Charpy V-notch impact energy and fracture appearance transition curves for low-alloy 


steels with and without boron 


that the effect of boron can vary for a particular steel 
type within the compositional limits of its specifica- 
tion. 

In the case of the 14°,Mn and 14°%Mn—Mo steels, 
the transition temperatures were lowered, whereas 
with the 14% Cr-Mo and 1}°%Ni-Cr—Mo steels, the 
transition temperatures were raised. However, the 
impact transition properties of the 14%Mn and 
14°,Mn—Mo steels without boron were inferior to 
those which may be expected from these steels,?* and 
on the basis of one heat in each case, it could not be 
concluded with certainty that the improvements 
shown by the boron additions were significant. 

It is pointed out that other investigators® #1 have 
shown that the effect of boron on impact strength 
is strongly dependent on tempering temperature, 
although there is no agreement on the temperatures 
which give a reversal of the boron effect. Further- 
more, it has been reported?* that boron exerts a direct 
influence in increasing susceptibility to temper 
brittleness, when tempering is carried out in the range 

25-565° C, 

Vass effe ct’ impact tests t0om-tem perature im- 
pact and hardness values made on subsidiary standard 
test pieces are given in Table X. For comparison of 
results given by standard and sub-standard test pieces, 
one sub-standard test piece was also machined from 


each of the heats nos. 8-11 Results shown 
graphically in Fig. 8. 

Using published hardness data?® in conjunction with 
the Jominy end-quench curves (Figs., 6a-d), the 
maximum fully hardened round-bar diameters were 


found to be: 


are 


Eleme 
14%Mn 

14° Mn-Mo 

14% Cr-Mo 

1}, Ni-Cr-Mo 

(i.e. full hardening to 50°, martensite, assuming 
H 0-5 for oil quenching). Using these results with 
the impact results shown in Fig. 7, it is clear that for 
the 14°4Mn-Mo and 1}°,Cr-Mo types, there are 
round-bar sizes where the boron-free steels are incom- 
pletely hardened but where the boron-treated steels 
are fully hardened. In both types of steel, the impact 
strengths of the incompletely hardened specimens 
were superior to the fully hardened boron-treated 
specimens. It must be concluded, therefore, that 
improvement in impact strength is always 
associated with increased hardenability. 

In the case of the 14°%Mn steels, neither of which 
harden fully in sections greater than 2-25 in. dia., the 
boron-treated steel gave better impact properties in 
the unhardened specimens. Thus it would appear 


not 


TABLE IX 


Transition results of low-alloy boron-treated and boron-free steels 
Based on three arbitrary criteria, as determined by V-notch Charpy impact test 





Mean Hardness 
Heat No. Steel Type V.P.N., 
Load 30 k¢ 


14°,.Mn 267 
14%Mn B 258 


1}°%Mn-Mo 241 
1;°,Mn-Mo + B 220 


14°.,.Cr-Mo 233 
1;°,Cr-Mo +B 234 


14°, Ni-Cr-Mo 253 
14°, Ni-Cr-Mo 244 


* Curve extrapolated beyond 150 ¢ 
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15 ft-lb: 
Temperature, 
Cc 


Fibrous Fracture | 
rransition Temp., 
Cc 


Mean Energy 50 
Transition Temp., 
C 


36 
20 


22 
45 


117 
42 


86 
48 
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TABLE X 
Impact results and hardness of subsidiary standard V-notch Charpy specimens 


Machined from oil-quench simulation bars of low-alloy 


Impact Value,* ft-Ib 


| Heat No. Steel Type 


Leaf dia., 
1 


Mn B 


Mn Mo 
Mn Mo 


Cr-Mo 
Cr-Mo B 


Ni-Cr-Mo 
Ni-Cr-Mo B 


Equivalent oil-quenched bar 
diameter 





boron-treated and boron-free steels 


Hardness V.P.N., 30 k@ load 


Equivalent oil-quenched bar 


: diameter 
Leaf dia., 


1; in. 


231 
234 


221 
233 235 


249 
241 246 


250 250 
258 


* Subsidiary standard V-notch beam type specimen, tested on 120 ft-lb machine 


that boron treatment can improve mechanical proper- 
ties without improving hardenability. 

For the 14°,Ni-Cr—Mo steels, the maximum round- 
bar diameters in which full hardening to 99-0°%, 
martensite occurs (again assuming H] 0-5 for oil 
quenching) were found to be 


14%Ni-Cr-—Mo 0-5in. 14°%Ni-Cr—-Mo B 4°3 in. 


That is, in the 3-in. and 4-in. dia. specimens, the 
boron-treated steel would be fully hardened, whereas 
the boron-free steel would be incompletely hardened; 
the boron-free steel again gave better impact results. 

It has previously been stated® that for wrought 
steels the application of boron appeared to be for 
intermediate section sizes, where boron steels harden 
right through and boron-free steels do not. The above 
experiments do not confirm this statement, in so far 
steels are concerned However, the results 
of the above tests should be accepted with caution, 
in view of some of their conflicting aspects. For 
example, that the impact properties of the 14°,)Cr-Mo 


as cast 

















Fig. 8 —-‘ Mass effect’ impact test results on low-alloy 
steels with and without boron: subsidiary standard 
V-notch Charpy tests made at room temperatures 
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and the 14°%,Ni—Cr—Mo did not decrease with increas 
ing was an unexpected result. Even if 
full hardening is assumed, the impact values should 
remain constant and not show an increase. Further- 
more, in the four cases where subsidiary standard test 
pieces were machined from the clover leaf itself (14-in. 
fully hardened section), the impact values were lower 
than from the dia. 
section 


section size 


those obtained simulated 3-in. 

It appears therefore, that either some experimental 
tactor formation on the simulation 
specimens caused scatter of the results, or the Izod 
machine on which the sub-standard size Charpy 
specimens were tested was not sufficiently sensitive 
at low impact energies 

It is concluded that (with the exception of the 
14°,Mn steel) the addition of boron tends to lower 
the impact strength of incompletely hardened cast 
low-alloy steels. This conclusion is in agreement with 
that reached on wrought steels® but it is felt that 
confirmation of the results on cast steels could best 
be made on actual castings of increasing sectional 
thickness, thus avoiding the use of the oil-quenching 
simulation technique. 
then be resolved. 


such as oxide 


The anomalies observed may 


Conclusions 


The following conclusions are based upon tests 
carried out on four types of steel (namely 14°,Mn, 
14°%Mn-Mo, 1}°%Cr-Mo, 14°,Ni-Cr—-Mo), made with 
and without a boron addition. These were cast from 
eight separate heats into clover-leaf moulds from a 
100-lb basic-lined h.f. furnace, the addition of boron 
by ferro-boron being preceded by thorough deoxida- 
tion with aluminium and ferro-titanium 


(1) The addition of boron increased the hardenability 
of all the steels tested, as determined by the Jominy 
end-quench hardenability test, the most outstanding 
increase being in the case of the 14°,Mn—Mo steel. 


(2) The addition of boron did not significantly affect 
the tensile properties of the fully hardened steels 
tempered to equal hardness. 


(3) The effect of the addition of boron on the impact 
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characteristics of the fully hardened steels tempered 
to equal hardness was: 


i) 14%Mn steel, transition temperature lowered, 
while maximum impact value remained unaltered 
14%Mn-—Mo steel, transition temperature lowered, 
and maximum impact value also lowered 
14%Cr-Mo and 14%Ni-Cr—-Mo steels, transition 
temperatures raised, and maximum impact values 
lowered. 


(4) In incompletely hardened sections, boron addi- 
tions tended to lower the impact strength of the 
14%Mn-Mo, 1}%Cr-Mo, and 14%Ni-Cr—Mo steels. 
This effect was not observed on the 14°,Mn steel, and 
in view of other anomalies observed, all results 
required confirmation, avoiding the use of the 
simulation technique. 

GENERAL CONCLUSIONS 
Section I 


Under the experimental conditions described, the 
low-carbon molybdenum-—boron steels gave repro- 
ducible and consistent properties. High-tensile 
strengths were obtained on material in the normalized 
condition, and L.R.C. tests showed that this improve- 
ment may be expected in flat sections of up to 14 in. 
thickness. The magnetic properties were fairly good, 
but did not equal those of carbon steels made to 
B.S. 1617. The impact properties were not high, but 
were of the same order as may be expected from 
carbon steels at a similar tensile level. Since it is 
likely that a demand exists for steel castings of tensile 
strength 40-45 tons/in® having a high yield strength 
and good tensile ductility, together with fairly good 
magnetic permeability, and good weldability (the 
latter was not investigated on cast material) it is 
concluded that for castings not subject to shock 
loading, low-carbon molybdenum—boron steels can 
have definite advantages over plain carbon or some 
types of low-alloy steel castings. 


Section II 


The addition of boron to low-alloy steels of the 
14° Mn, 14°%Mn-—Mo, 14°%Cr—Mo, and 14°,Ni-Cr-Mo 
types gave increased hardenability as determined by 
the Jominy end-quench test, the most marked 
improvement occurring in the case of the 14°%,Mn—Mo 
steel. In fully hardened sections tempered to equal 
hardness, the addition of boron did not significantly 
affect tensile properties, and had an inconsistent effect 
on the impact properties of the four types of steel. 
While the impact transition properties of the 14° Mn 
and 14°,Mn-—Mo steels appeared to be improved by 
the addition of boron, it is emphasized that the impact 
transition properties of these steels without the boron 
addition were inferior to those which may be normally 
expected. Therefore, the improvement effected by the 
boron addition may not be significant. In incompletely 
hardened sections, results of room temperature impact 
tests were slightly anomalous, and consequently not 
entirely conclusive, but it appeared that the addition 
of boron lowered impact strength. 

The scale of the investigation of the low-alloy steels, 


which allowed the examination of only one heat of 
each steel type, has obviously limited the value of 
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the conclusions. However, it does appear that the 
improvement in hardenability resulting from boron 
treatment is not necessarily associated with improved 
mechanical properties, and the replacement of con- 
ventional alloying elements by boron cannot be 
recommended in the absence of more convincing 
information. 
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APPENDIX I 
Steelmaking procedure 


In the case of the low-carbon molybdenum—boron 
steels, the charge of carbon-steel scrap was melted down 
in 2-24 h in a 100-lb basic-lined h.f. furnace. After 
melt-down, about one quarter of the required ferro- 
silicon was added, followed by pig-iron, ferro-manganese, 
the remainder of the ferro-silicon, and ferro-molybdenum. 
Finishing additions were then made in the following 
order, each addition being made by attachment to a rod 
which was plunged into the bath and stirred for 30-40 s. 


Aluminium 3-2 oz (0°2%) 

Ferro-titanium (40% Ti, low 0-6 oz (0-015 %Ti) 
carbon) 

Ferro-boron (17% boron) 0-5 oz (0-005%B) 

Aluminium 1:6 oz (0°1%) 


Slag was skimmed off with a steel rod, and the heats 
were poured at a temperature of 1580-1600°C into 
74-in. clover-leaf test block moulds, four to a heat. 
Procedure was similar in the case of the low-alloy 
steels, the required ferro-manganese, ferro-silicon, ferro- 
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chromium, ferro-molybdenum, and nickel additions being 
made after the first addition of ferro-silicon and pig-iron. 
For the boron-treated heats, finishing additions of 
aluminium, ferro-titanium, and ferro-boron were made 
as for the low-carbon molybdenum-—boron steels, and 
pouring was again carried out at 1580—1600° C into 74-in. 
clover-leaf test block moulds. 


APPENDIX II 


Impact testing: method 
temperature 


of attaining required test 


Charpy impact tests were made over a temperature 
range of — 155° C to + 135° C. 
or heated to the required testing temperature as follows: 


Test pieces were cooled 


Solid carbon dioxide 
and alcohol mixture 

Water bath 

Air oven. 


Below room temperature 


Room temperature to 100° C 
Above 100° C 


Test pieces which were immersed in liquid were allowed 
1 h to reach a uniform temperature, while those heated 
by the air oven were given 2 h. 





Austenitic grain-size control oi 


medium-carbon and carburizing steels 


By B. L. Biggs 


INTRODUCTION 
THE ADVANTAGES GAINED from the use of aus- 
tenitic grain-size controlled steels have for some 
time been well appreciated by the engineering indus- 


tries, and consequently appreciable quantities of 


wrought steel are now supplied to grain-size specifica- 
tions. These steels have a wide application in the 
motor industry where their greater uniformity in 
response to heat treatment and machining operations 
has been of considerable value, the latter aspect being 
particularly important where multi-tool machines are 
operating. The use of fine-grain steels for case- 
hardening applications has enabled simplified heat 
treatments to be applied, quenching being carried out 
direct from carburizing without the need for refining 
retreatments. Other features include greater freedom 
from distortion and cracking during heat treatment, 
shallower hardening characteristics, and greater 
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SYNOPSIS 

Steelmaking methods used for the production of grain-size con- 
trolled medium-carbon and carburizing steels are discussed and the 
importance of certain critical factors affecting the recovery of acid- 
soluble aluminium in the steel is considered. Curves are given 
showing the response of certain steels to grain-size control using 
aluminium, and the results from two steelmaking processes are 
compared. Various theories put forward concerning the mechanism 
of grain-size control are reviewed and details are given of some 
experimental work carried out on this aspect. 

The problem of ingot panel cracking, a defect sometimes found 
in medium-carbon grain-size controlled steels is also discussed and 
a possible solution given. 1561 


toughness than coarse-grained steels, and full advan- 
tage is taken of these qualities for many applications. 

In view of the extensive demand for grain-size 
controlled steels, the steel industry has developed 
special steelmaking techniques for their production to 
ensure that a high standard of quality is maintained. 
Whilst a considerable number of investigations have 
been carried out on this subject both in the UK and 
abroad, most of the published information so far 
appears to have originated in the USA, and it was 
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Loarse Fine 


1600 


2000 


Fig. 1--Composite micrographs showing actual grain- 
sizes of coarse- and fine-grained steels after nor- 
malizing at temperatures shown (Schane! 


felt that more details of the experience of UK steel- 
makers in this field of production would be of interest. 

This paper deals with the austenitic grain-size pro- 
duced by heat treatment of wrought steels and is not 
concerned with the * as-cast ° grain-size resulting from 
initial solidification. The techniques employed for the 
grain-size control of medium-carbon and carburizing 
steels made by the acid open-hearth, basic open- 
hearth, and basic electric-are processes are discussed 
The 


possible mechanism concerned in grain-size control 


and comments made on certain critical aspects. 


using aluminium and other elements has been the 
subject of numerous publications. The subject 1s 
briefly reviewed and details are given of some relevant 
experimental work carried out at the author’s works 
In addition, the factors affecting the incidence of ingot 
panel cracking, a defect encountered in medium- 
steels controlled by the 


carbon CTAIN-SIZ 
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aluminium, are discussed and suggestions made for 
combating this problem. 
GRAIN-GROWTH INHIBITORS 

When steel is heated above its transformation tem- 
perature the ferrite phase is transformed to austenite 
which possesses an initially small grain-size. In 
uncontrolled or grain-growth 
begins as soon as the austenite appears and persists 
at a more or less uniform rate with increasing tem- 
perature. In controlled or fine-grained steels, grain- 
growth does not begin until the austenite has been 
heated to a much higher temperature and a critical 
temperature is reached at which a rapid increase in 
grain-size The action of austenitic grain- 
growth inhibitors is to raise the austenitic grain- 
coarsening temperature and so called ‘ fine-grained ’ 
steels are therefore not immune but are more resistant 
to grain coarsening. An excellent illustration of this 
has been given by Schane! (see Fig. 1). 

In steelmaking, aluminium is by far the most 
widely used element for the control of austenitic 
grain-size because of its great and 
relatively low cost, and for this purpose it can be used 
in the commercially pure form or in various combina- 
tions with other elements such as silicon, manganese, 
vanadium, calcium, titanium, and zirconium. With 
its very high tendency to oxidize and its low specific 
gravity special precautions are needed to dissolve 
aluminium in steel and whilst it is generally used in 
the commercially pure form, advantages have been 
claimed for its use as a combination alloy from the 
viewpoint of increased freedom from deleterious non- 
metallic inclusions and improved grain-size control 
efficiency. Table I gives details of some of the alloys 
used for grain-size control purposes 

In discussing the effects of grain-growth inhibitors 
reference can be made to the work carried out by 
Halley? in which the relative efficiencies of titanium, 
zirconium, and aluminium are compared. Figure 2 
shows a graph derived from Halley’s work in which 
curves are given the effects of varying 
residual amounts of titanium, zirconium, and alu- 
minium on the grain-coarsening temperature of En 5 
(0-25-0-35°%,C) type steels. It will be that 
within the range of contents covered for titanium and 
zirconium (O—-0-17°,Ti and 0—-0-134° Zr), increasing 


coarse-grained steels, 


occurs. 


effectiveness 


showing 


seen 


TABLE I 


Alloys used for grain-size control 


—— a 


Approximate content, 


Alloy type 


| SiAl 
FeTi (Low (€ 
FeTi (High C 
SiMnAl 
| Silvaz* 6 
SiZzr 1-0 


FeV 2.0 





* Boron-free grade 
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residual amounts of these elements raise the grain- 
coarsening temperature of the steel. Aluminium, 
however, bears a different type of relationship, in 
that the grain-coarsening temperature increases up 
to a maximum acid-soluble aluminium content of 
about 0-03°%, after which further increases in 
aluminium result in a gradual reduction in the grain- 
coarsening temperature. 


The curves indicate that of the three elements 
considered, aluminium is the most effective grain- 


growth inhibitor with residual element contents of 
whilst above this level of 


less than about 0-035° 
addition, higher grain-coarsening temperatures are 
obtainable with the use of titanium. Zirconium is 
shown to be much less effective as a grain-growth 
inhibitor than either aluminium or titanium. Experi- 
ments carried out by Halley also indicate that 
aluminium-treated steels are less sensitive to the effect 
of soaking time at temperature than titanium- and 
zirconium-treated steels, the former steels apparently 
showing little effect with soaking times ranging from 
2 to 8 h. On the other hand, with the latter steels 
grain-coarsening occurs at lower temperatures as the 
soaking time increases. 

Halley also gave an illustration of the combined 
effect of aluminium and titanium on the grain- 
coarsening temperature and this is shown in Fig. 3 
in which curves are given for an aluminium-treated 
En 5 type steel with and without titanium additions. 
It will be seen that the grain-coarsening temperature 
is significantly increased by an addition of only 
0-005%, residual titanium. 

Vanadium also acts as a grain-growth inhibitor 
when added to steel and whilst its value as an alloying 
element is partly attributed to this feature, generally 
it is not primarily used for this reason but to achieve 
enhanced mechanical properties for certain applica- 
tions. For this purpose higher additions are employed 
than are used in the case of aluminium for grain-size 
control. 

An important consideration regarding the suit- 
ability of the various grain-growth inhibitors discussed 
is their tendency to introduce undesirable non-metallic 
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Fig. 3—Effect of aluminium on grain-coarsening tem- 
perature of En 5 type steel with varying titanium 
Halley’®) 


inclusions in the steel, a feature which is of special 
importance when high-quality steels are being pro- 
duced. With incorrect steelmaking procedures, such 
inclusions can be experienced with the use of either 
zirconium, aluminium, or titanium but of these three 
elements, aluminium is generally considered to be the 
least critical in this respect. Titanium tends to 
produce brittle titanium carbonitride crystals in the 
steel and therefore its use is not always favoured. For 
this and other when titanium is used for 
grain-size control it is invariably in conjunction with 
aluminium so that the addition may be kept as low 
as possible. 


reasons, 


Critical aluminium range 

In the production of the medium-carbon and car- 
burizing steels it has been found that an approximate 
range of 0-016-0-035% acid-soluble aluminium is 
required to ensure fine-grained steel. This is in agree- 
ment with the experience of Ressler? and other 
workers. The effective aluminium range varies to 
some extent according to the grade of steel being 
produced, since some steels can be satisfactorily con- 
trolled with lower residual aluminium contents than 
required for others, and they also vary in their 
susceptibility to the reversion to grain-coarsening 
which is experienced at the higher aluminium-content 
levels. The author’s experience also suggests that 
basic O.H. may be controlled with slightly 
lower aluminium contents than are required for basic 
electric-arc steels of similar composition. This aspect 
is further discussed later. 


steels 


Rapid assessment of grain-size 

In the production of fine-grained steels it is impor- 
tant to know the grain-size characteristics of casts 
before the ingots are rolled so that any coarse-grained 
casts which might occasionally be experienced may, 
if possible, be diverted into other channels of pro- 
duction. The aluminium content of the cast provides 
a good yardstick for this purpose and for this reason 
ladle-test samples are analy sed on a routine basis for 
aluminium by the spectrographic method. Although 
this method is much quicker and ( heape! on a routine 
basis than wet chemical analysis there is a disad- 
vantage in that it reports the metallic, or acid-soluble 
aluminium, together with the aluminium present as 
alumina, the latter being ineffective as regards grain- 
size control. Numerous analyses have, however, been 
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Fig. 4—-Relationship between McQuaid-Ehn grain-size 
results on billets rolled from production ingots, 
and on rolled 1}-in. square test ingots of En 361 
steel 





carried out for aluminium on aluminium-treated fine- 
grain steels and this has revealed that the aluminium 
present as an.oxide in these steels remains reasonably 
constant in the range 0-002-0-005% and these 
figures can be used as a basis for correcting the 
spectrographic results to give the acid-soluble alu- 
minium content. It should be mentioned that the 
spectrographie analysis for aluminium is conducted 
on transverse sections prepared from the ladle samples, 
since experience has shown that erratic results can be 
obtained when the surface of the sample is analysed, 
owing to the presence of aluminium-oxide-type 
inclusions. Further, in taking ladle-test samples from 
aluminium-treated steels losses of aluminium can 
sometimes occur owing to atmospheric oxidation 
during the pouring of the samples. Such losses are 
not usually appreciable, however, but this point 


should be remembered when using this method of 


sampling. 

Where the aluminium contents of casts are some- 
what lower than the desired minimum, the casts 
concerned are placed in a doubtful category, and in 
such cases a pilot production ingot is rolled to billet 
and a McQuaid—Ehn test* carried out for approval 
before continuing to process the entire cast. An 
alternative method of obtaining an early assessment 
of grain-size is the casting of small test ingots which 
are rolled, carburized, and tested microscopically 
before processing the production ingots. There can 
be a difficulty with this method however, in that the 
McQuaid—Ehn grain-size of such test samples is some- 











* The McQuaid—Ehn test* which involves carburizing 
at 925° C for 8 h followed by slow cooling, is employed 
at the author’s works for the assessment of austenitic 
grain-size. This test was developed in 1922 as a result 
of an investigation into the effect of steelmaking practice 
on the hardenability of case-hardening steels. Some 
engineers also regard a coarse McQuaid—Ehn grain-size 
as a criterion of easy machinability. Although primarily 
intended for carburized steels, its use has since been 
extended to other ranges including deep-hardening 
grades. It is of special value for steels intended for 
service in the case-hardened condition but for other steels 
its interpretation requires some caution since the degree 
of grain-growth can be influenced by the carburizing 
conditions applied as well as the temperature and dura- 
tion of heat treatment. Experience has shown, however, 
that it provides a satisfactory means of distinguishing 
between controlled and uncontrolled steels required for 
many applications and it is therefore widely used as a 
standard acceptance test. 
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Fig. 5a—En 355 steel with ASTM grain-size rating of 


5% 3-4 and 95% 5-8 x 100 
Fig. 5b—En 361 steel with ASTM grain-size rating of 
30°, 2-4 and 70% 5-8 x 100 


times found to be somewhat coarser than that of the 
rolled billet, giving a relationship similar to that 
shown in Fig. 4. Differences in rolling reduction and 
rolling temperature and, as mentioned previously, the 
possibility of lower residual aluminium contents due 
to losses incurred when sampling, are features which 
may be important in this connection. In the example 
shown, the rolling reduction given to the test samples 
was only 2:1 whereas a reduction of about 12: 1 
was applied in the case of the rolled billet. The rolled 
test-ingot method can be used in conjunction with 
aluminium analysis to provide an additional check if 
desired. 


Control of various steels 

The standard McQuaid—Ehn test is used for the 
measurement of austenitic grain-size of carburizing 
and medium-carbon steels at the author’s works and 
the results are classified in accordance with the usual 
ASTM 1-8 grain-size rating. To facilitate the correla- 
tion of grain-size with steelmaking variables and other 
pertinent factors, attempts have been made to assess 
the percentage of grains found in specific coarse or 
fine grain-size ranges and the method has proved 
valuable for this purpose. Figure 5 gives examples 
of McQuaid—Ehn tests on two nickel-chromium 
molybdenum-type steels which were assessed in this 
way. Figure 5a shows an En 355 steel with an esti- 
mated ASTM grain-size rating of 5°, 3-4 and 95% 
5-8, and Fig. 5b shows an En 361 steel with a rating 
of 30% 2—4 and 70°, 5-8. 

Table II shows the relationship between spectro- 
graphic or total aluminium content and McQuaid—Ehn 
grain-size obtained on a series of production casts of 
En 34, En 8M, En 18, and En 361 type steels made 
by the basic O.H. process. The aluminium analyses 
were carried out on ladle samples as outlined before 
and the grain-size determined on rolled billet samples, 
a procedure which is conducted on all such casts before 
release. The percentage of grains found to be in the 
ASTM 1-4 coarse range has been used as a criterion 
of grain-size control efficiency, and by employing an 
arbitrary acceptance level of not greater than 15% 
grains in this category, it will be seen that for effective 
control a minimum of 0-021° total aluminium is 
indicated for the En 18 and En 361 steels, whereas 
minimum contents of 0-016°% and 0-011% only are 
required for the En 8M and En 34 steels respectively. 
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TABLE If 

Total aluminium content of basic open-hearth steels 

related to McQuaid-Ehn grain-size 








Percentage of casts in 
| grain-size ranges 
Total No. of shown below 
Steel aluminium casts) | Ranges indicate %, of 
| type range, | considered grains in ASTM 1-4 
| . category | 
0-10, |11-15%, | 16-20% | > 20% | 
0-010 13 77-0 7-6 15-4 
| En 34 0-011-0-015 10 100-0 
| Ni-Mo 0016-0 020 27 100-0 
| carburizing | 0-021-0-040 132 98-5 15 
} 0-041-0-053 12 100-0 
| 
| En8M 0-010 12 75-0 8-3 16-7 | 
medium- 0-011-0-015 48 87-5 10-4 2-1 
carbon 0-016-0 020 44 91-0 9-0 | 
| free cutting 0-021-0-040 27 85.0 15-0 
| 0.063 1 100-0 
| 
En 18 0-010 52 61-6 17:3 96 11-5 
| medium / 0-011-0-015 128 73-4| 18-0 3-9 4:7 
| carbon 0016-0020 81 77-8 14:8 | 7:4 | 
1-0%Cr 0021-0035 39 92-5 7:5 
0-010 15 20-0 6:7| 6:7 | 66-6 | 
En 361 0-011-0-015 20 70-0 10-0 | 20-0 | 
Cr-Ni-Mo | 0-016-0-020 39 64:1 25-6 | 2-6 7:7 
carburizing | 0.021-0-040 113 91-0 9-0 
0-041-0 058 19 | 73-6| 26-4 
The data from which Table Il was compiled is 


presented in graphical form in Fig. 6. This method of 
presentation illustrates perhaps more clearly the 
characteristic response of the various steels to alu- 
minium treatment for grain-size control, each point 
on the curves representing the mean of several results. 
The relationships shown by these graphs can be 
summarized as follows. 

En 34 Ni—Mo steel, carburizing—Of the four steels 
considered this is by far the most easily controlled, 
since it requires the lowest residual aluminium content 
and also attains the smallest mean grain-size. The 
curve given indicates a very slight tendency towards 
a reversion to grain coarsening when the total 
aluminium content exceeds about 0-020%. 

En 8M steel, medium-carbon free-cutting—This steel 
controls almost as easily as the En 34 type but does 
not appear to attain as fine a mean grain-size. 
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Fig. 6—Effect of aluminium on the McQuaid-Ehn 


grain-size of En 34, En 8M, En 18, and En 361 steels 
made by basic O.H. process 
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Fig. 7 Effect of aluminium on the McQuaid-Ehn grain 
size of En 34 steel made by the basic O.H. and basic 
electric-arc processes 

En 18 steel, medium-carbon 1' This steel is not 

as amenable to control as the En 34 and En 8M grades 

since higher residual aluminium contents tend to be 

required. However, it can be controlled to give a 

similar mean grain-size to that obtainable with the 

En 8M grade. 

En 361 Cr—Ni-Mo steel, carburizing This steel is 
the most difficult to control of the four considered, 


(") 


the highest residual aluminium content being required. 
However, with suitable residual aluminium contents it 
controls to a grain-size of fineness similar to that 
achieved with the En 8M and En 18 grades. A slight 
reversion to grain-coarsening is indicated when the 
total aluminium content exceeds about 0-035°, 

Production experience has suggested that basic 
O.H. steels may be somewhat more easily controlled 
than the equivalent steels made by the basic electric- 
are process. In Fig. 7 a comparison is given of the 
relationship found between McQuaid—Ehn grain-size 
results and the total aluminium contents of En 34 
type steel made by both these steelmaking processes. 
It will be seen that in the low residual aluminium 
content range i.e. below about 0-015°% the basic O.H. 
steel tends to attain a slightly finer mean grain-size 
than the basic electric steel, thus indicating a quicker 
response to treatment with aluminium. With higher 
aluminium contents the basic electric steel attains a 
similar grain-size level as that shown by the O.H. 
steel. Evidence of a similar relationship has also been 
found with other including the En 18 and 
En 361 grades and whilst perhaps requiring confirma- 
tion it does suggest that a process effect may be 
ope rating. 


steels 


Effect of steelmaking variables 

In the case of O.H. steels, aluminium additions for 
grain-size control are usually made during the tapping 
of the liquid steel into the ladle, or during casting 
either directly into the ingot moulds or via the 
trumpets in the case of uphill pouring. Although 
lower yields of aluminium are obtained, the former 
method is usually preferred since it is believed that 
better uniformity and greater freedom from alumi- 
nous-type inclusions are thus achieved. However, in 
the acid O.H. process it is sometimes preferred to 
make the aluminium additions to the ingot moulds 
so as to avoid heavy losses due to the reaction of 
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added and 


Fig. 
of alu- 


aluminium with the highly siliceous slag. With basic 
electric-are the additions are added to the 
furnace bath, ladle, or ingot moulds. Excessive losses 
owing to reaction with the slag and possible atmo- 
spheric oxidation during tapping can be experienced 
with additions to the bath and better recoveries are 
obtained with ladle or ingot-mould additions. Again 
however. although the highest recoveries are obtain- 
able with mould additions, the addition of aluminium 
to the ladle is usually preferred to obtain greater 
homogeneity and freedom from non-metallic inelu- 
sions in the steel 
The approximate 


steels 


aluminium recovery 
achieved with basic electric-are medium-carbon steels 
using the following methods of addition is: (a) bath 
additions immediately before tapping 15°%, (b) ladle 
additions 30-40°,. (¢) mould additions 50-75%. 
One of the most important factors in the production 
the control of the 
state of deoxidation of the steel. It has already been 
shown that for efficient the alu- 
minium content of the steel must be maintained within 
certain specified limits and it has been found that the 
recovery of this element can be greatly influenced by 
which are 


orde! ot 


of YTAIN-SIZt controlled steels is 


grain-size control 


the carbon, silicon, and manganese levels, 
important factors governing the oxygen content of 
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the liquid steel. Within the usual limits of composition 
for medium-carbon and carburizing steels, carbon and 
silicon have the greater influence in this respect, the 
effect of manganese being less important. A further 
critical factor in relation to the control of aluminium 
content is the way in which the aluminium is added 
to the steel. 

From the data made available by the analysis of 
ladle-test samples obtained from production casts, 
curves have drawn showing the amount of 
aluminium recovered in the steel with varying 
additions of aluminium and at different carbon levels. 
electric-are and basic O.H. 
Figures Sa and 


been 


These are given for basi 
steels in Figs. 8 and 9 respectively. 
9a show the total aluminium content as determined 
spectrographically (i.e. including aluminium present 
as Al,O,), while Figs. 8b and 96 show that the per- 
centage recovery of aluminium in the 
finished steel increases with the amount of aluminium 
added and also as the carbon content of the steel 
increases. Since larger proportions of aluminium will 
be lost with small additions, and the higher residual 
contents of low-carbon will en- 
courage greater this relationship would be 
expected. In the case of the basic electric-are steels, 
it will be seen that a major effect is produced by taking 
precautions against contact to avoid 
aluminium owing to reaction with the tapping slag. 
When these precautions are taken the recovery of 
aluminium is about trebled and is also appreciably 
more consistent, which of lower 
aluminium additions to be made 


acid-soluble 


oxygen steels also 


losses 


loss of 


slag 


course enables 
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Several methods are available for avoiding slag 
contact in the electric process, the two perhaps most 
commonly used being (a) plunging the aluminium into 
the steel attached to the end of suitablv designed rods, 
or (6) restricting the size of the furnace tap hole so 
that the slag layer rises quickly above it during tap- 
ping and little slag penetrates into the ladle when the 
aluminium addition is being made. The latter method 
has the that it encourages greater 
atmospheric oxidation of the steel, tends to reduce 
any sulphur removal which occurs during tapping, 
and also retains slag in the furnace, which 
cause fettling difficulties. 

A comparison of the results obtained from the basic 
Q.H. and basic electric-are processes shows that when 
special precautions are taken against slag contact, in 
the latter process the aluminium recovery obtained 
from ladle additions is less variable and about twice 
that obtained with the former. This is perhaps not 
unexpected since in the electric process the steel is 
deoxidized in the furnace whereas in the basic O.H. 
process the steel is tapped in an unkilled condition 
and deoxidized in the ladle, which encourages greater 
oxidation of aluminium. With fixed O.H. 
furnaces the tapping stream is usually kept reasonably 
free from slag until the final stages, but with tilting- 
type furnaces unless special precautions are taken 
some slag may be poured into the ladle during the 
initial stages of tapping, which can cause high and 
variable losses of aluminium. 

The effect of the carbon content of the finished steel 
on the recovery of aluminium, is further illustrated 
in Fig. 10 in which curves are given showing the 
aluminium recovery obtained with basic O.H. and 
basic electric-are steels at varying carbon contents. 
These curves indicate that the aluminium recovery 
increases with carbon content at a diminishing rate 
tending to stabilize at the higher carbon contents. 
The carbon-oxygen equilibrium curve is shown in 
Fig. 11 and whilst it is appreciated that equilibrium 
conditions are rarely experienced in routine steel- 
making it will be seen that the recovery curves show 
a similar characteristic hyperbolic relationship which 
indicates their apparent association with the residual 
oxygen-content of the steel. 

Steelmaking experience has indicated that the 
stopping carbon, i.e. the minimum carbon content 
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can 


losses 
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Fig. 10— Effect of carbon content on aluminium recovery 
in basic O.H. and basic electric-arc steels 
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Fig. 11--Carbon-oxygen equilibrium in liquid iron at 


1600° C (Marshall and Chipman 


attained during the boil, can also affect the aluminium 
recovery, primarily in the case of the low-carbon 
carburizing steels. At the carbon levels the 
position becomes critical in that small decreases in 
carbon content can result in relatively large increases 
in the oxygen content of the steel and it is therefore 
important in the interests of aluminium recovery, 
and incidentally freedom from undesirable non- 
metallic inclusions, that unduly low stopping carbons 
should be avoided. 

The silicon content of the steel also has an impor- 
tant effect on aluminium recovery. Consideration of 
the silicon—oxygen equilibrium curve given in Fig. 12 
shows that as the silicon content of the steel falls 
below about 0-2°, the oxygen content increases 
fairly rapidly, and in the absence of other strong 
deoxidizers this can greatly influence the aluminium 
recovery 1n the steel and there fore the efficiency of 
grain-size control. This point is clear in Fig. 13 which 
shows the efficiency of grain-size control obtained with 
electric-are En 34 O.H. 
En 8M type steel at varying silicon contents, the 
aluminium grain-size additions being respectively 
16 oz/ton and 20 oz’ton to the ladle. From the 
histograms given it will be seen that in both cases the 
percentage of coarse-grained casts increases rapidly 
with silicon contents about 0-2° 
higher oxidation losses of aluminium. 
when fine-grained steels are made to specifications 
which call for limiting silicon contents, careful con- 
sideration has to be given to this point when deciding 
the required aluminium additions, and of course in 
all cases rigid control over deoxidation procedures 
must be maintained 

Figure 14 shows the effect of carbon and silicon 
contents on the grain-size control of a basic electric-arc 
En 34 type steel. The combined effect of both these 
elements on grain-size, which reflects the efficiency 
of the recovery of aluminium in the is clearly 
The aluminium addition which was used in this 
instance was obviously inadequate to accommodate 
the losses experienced at the 
lower silicon and carbon levels and in addition retain 
sufficient acid-soluble aluminium in the steel for 
effective grain-size control 


low 


a basic steel and a basic 


below 5», OWlng to 


For this reason 


steel 
seen. 


increased oxidation 


Table IIL gives some typical aluminium additions 


used in the production of basic O.H. and_ basic 
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Fig. 12—Silicon-oxygen equilibrium in liquid iron at 
1600° C (Gokeen and Chipman’) 


electric-arc grain-size controlled steels required to 
meet ASTM 5-8 spec ification. 

A further possible cause of variation in the alu- 
minium content of the finished steel is reaction with 
the slag cover in the ladle during the holding period 
before casting. Analyses carried out on early and late 
ladle-test samples taken during casting have shown 
losses in aluminium up to about 0-003% for 10—15-ton 
basic electric-arc casts and up to 0-006% for 40 
60-ton basic O.H. casts where the holding period in 
the ladle is much longer. Such losses are, however, 


by no means consistent but do confirm the desirability 
of taking late ladle tests for aluminium analysis. 
When calculating the aluminium additions for grain- 
size control purposes allowance should be made for 


possible losses at this stage so as to avoid the risk of 
obtaining somewhat coarser-grained material from 
ingots in the latter part of a cast 


Mechanism of grain-size control 

Although various theories have been postulated 
regarding the mechanism by which austenitic grain- 
size control is achieved with aluminium and certain 
other elements, a truly satisfactory explanation has 
yet to be given. The following gives a very brief 
summary of some of the theories put forward. A 
fairly widely accepted explanation has been the 
alumina nuclei theory which attributes the grain- 
growth inhibiting action of aluminium to the presence 
in the steel of very finely dispersed particles of 
alumina, an important factor being said to be the 
prior state of deoxidation of the steel which affects 
the particle size of the alumina inclusions. Steels high 
in oxygen were thought to produce relatively large 
alumina inclusions which by virtue of their size would 
tend to rise in the liquid steel instead of forming the 
desired small nuclei. Conversely, heavily reduced 
steels were believed to contain too little oxygen for 
the nuclei to be formed. A further theory proposed 
by McQuaid’ is that the action of aluminium is to 
lower the solubility of carbon in austenite thereby 
favouring the formation of excess carbides around the 
austenite grain-boundaries which would tend to retard 
grain-growth until the were taken into 
solution at higher temperatures. 


carbides 


From their work on the effect of small additions of 


vanadium to eutectoid steel it was concluded by 
Zimmerman, Aborn, and Bain® that the grain-growth 
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Fig. 13—-Histograms showing effect of silicon on grain- 


size control of basic electric-arc En 34 steel and 
basic O.H. En8M steel. Ringed figures denote 
number of casts examined 


inhibiting action of vanadium was due to the presence 
of relatively stable vanadium-rich carbides and that 
grain-coarsening only occurred when the carbides 
were substantially dissolved. Table IV gives details 
of experimental results obtained by these authors with 
regard to the grain-size and degree of carbide solution 
achieved with a straight 0-9°/, carbon steel and a 
similar steel plus 0-27%V, when quenched from 
various temperatures. Other workers, however, have 
not subscribed to this carbide theory and believe that 
the formation of vanadium nitrides or oxides may in 
some way be responsible. 

In their notable work, Swinden and Bolsover® threw 
doubt on the nuclei theory and also on the views 
proposed by McQuaid and considered that the explana- 
tion probably lay in the degree of deoxidation of the 
steel. They compared the alumina contents of fine- 





0:35 











Fig. 14-—-Effect of carbon and silicon on grain-size 
control of En 34 type steel made by basic electric- 
arc process with aluminium addition of 16 oz/ton. 
Ringed figures give percentage of coarse-grained 
casts experienced in groups shown 
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TABLE III 


Typical aluminium additions used for grain-size 
control 





Aluminium addition to ladle, oz/ton 
Carbon content, 


Basic O.H. Basic electric-arc 





013-020 30-34 20 24 


0-21-0-30 26-30 18-22 


0:31-0:40 20-24 (17 14-18 


041-0 -50 20-24 (17 14-18 





Notes: Additions given are for steels with silicon contents in the 
range 0-20-0-35' 

Figures in brackets give additions when an ASTM 3-5 specifica- 
tion is required 


and coarse-grained steels and discovered no essential 
difference but found acid-soluble aluminium contents 
of 0-02-0-03°% in fine-grained steels compared with 
0-001-0-007°,, in coarse-grained steels. It was 
thought that aluminium in itself was not 
necessarily the controlling factor but that the higher 
aluminium contents were indicative of a greater 
degree of deoxidation of the steel. However, an 
explanation of the mechanism of grain-size control 
was not offered. 

Experimental work carried out by Baeyertz! and 
Sims" suggested that aluminium sulphide may be a 
contributory factor in controlling austenite grain-size. 
Their work indicated that even in the absence of 
aluminium, sulphur has a mild grain-refining effect at 
lower reheating temperatures and that the addition 
of sulphur to aluminium-treated steels generally gave 
a higher grain-coarsening temperature than could be 
obtained with aluminium alone. Figure 15, based on 
work by Sims," shows the relationship obtained 
between aluminium additions and grain-coarsening 
temperature for high-frequency melted 0-4°% carbon 
steels in the wrought condition at three sulphur- 
content levels, namely 0-012°%,, 0-024%, and 0-038%. 


excess 


TABLE IV 
ASTM grain-size and degree of carbide solution in 
0.9% carbon steel with and without the presence of 
vanadium * 





State of carbides 


Quenching | 
temperature, | | 


Carbon Carbon steel 


Carbon Carbon steel | 
steel + 0-27°.V | 


steel + 0-27 





| 
ASTM @rain-size 


10-11 Partially Undissolved 


dissolved 


9-10 Essentially 


dissolved 


Partially 
dissolved 


Largely 
dissolved 


Essentially 
dissolved 


2-3 0 ” 





* Ref.: Zimmerman, Aborn, and Bain’ 
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Effect of sulphur and aluminium on the grain- 
steel (Sims?! 


Fig. 15 
coarsening temperature of 0:4°.C 


In more recent years a predominating theory has 
been that aluminium nitride is the responsible factor 
in controlling grain-size by the addition of aluminium. 
Evidence on this aspect was provided by Houdremont 
and Schrader!? and other workers and the subject 
has been more recently dealt with in excellent papers 
by Bardgett and Gemmill!* and by Chatterjea and 
Nijhawan.'4 It has stated that supporting 
evidence appears to lie in the fact that aluminium- 
treated Bessemer steels which are inherently high in 
nitrogen content tend to possess higher grain-coarsen- 
ing temperatures than O.H. steels of lower nitrogen 
content. Furthermore, in addition to aluminium other 
effective grain-growth inhibiting elements 
titanium, zirconium, and vanadium are also strong 
nitride formers which suggests that this characteristic 
may be important. Whilst, however, the precipitation 
characteristics of aluminium nitride strongly suggest 
that it could be a pertinent factor in the mechanism 
responsible for grain refining in aluminium-treated 
steels, possibly acting as a grain-boundary filament 
restricting the growth of the austenite grains, there 
is a school of thought which considers that the amount 
of nitrogen retained in solid may be the 
critical factor and that a fine grain-size would auto- 
matically be experienced in a completely nitrogen-free 
steel. 

In the discussion of Swinden and Bolsover’s paper, ® 
Herty described the results from two experimental 
high-frequency furnace casts of medium-carbon steel, 
one of which melted and cast in a hydrogen 
atmosphere and the other in air, and an aluminium 
addition of 0-10°,, made in each case, giving residual 
aluminium contents of 0-082°, and 0-071°% 
tively. After normalizing at 845° C the first cast was 
found to be coarse-grained and the second fine-grained. 
Although it was considered then that the fine-grain 
characteristics of the cast melted in air were probably 
due to formation of alumina it could possibly be that 
this cast possessed a higher nitrogen content which 
would favour the formation of aluminium nitride. 

Some experiments have been carried out at the 
author’s works concerning the possible influence of 
aluminium nitride as a grain-growth inhibitor in 
aluminium-treated and for this purpose 
McQuaid—Ehn tests and the necessary chemical and 
spectrographic analyses were carried out on rolled- 


been 


such as 


solution 


Was 


respec- 


steels, 
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Fig. 16—Relationship found between McQuaid-—Ehn 
grain-size of En 18 steel and nitrogen in the steel 


present as aluminium nitride 


billet samples obtained from a series of basic O.H. and 
basic electric-are production casts of En 18 (0-4°.C, 
1°,Cr) steel. The method devised by Beeghly!® was 
used for the determination of aluminium nitride and 
the specimens were analysed in the 930°C (8 h) 
carburized condition, i.e. the standard treatment for 
the MeQuaid—Ehn test. It was found that a small 
increase in nitrogen content had occurred during the 
carburizing treatment but it was not thought that 
this would necessarily invalidate the results. Figure 
16 shows the close relationship obtained between 
grain-size and the nitrogen in the steel present as 
aluminium nitride. In later experiments this correla- 
tion was repeated using non-carburized specimens in 
the 930°C (2 h) furnace-cooled condition for the 
aluminium nitride determinations, which did not 
reveal evidence of nitrogen increase due to heat treat- 
ment and, although showing rather more scatter, a 
similar relationship to that shown in Fig. 16 was 
obtained. Only a poor relationship (not shown) was 
found between grain-size and the total nitrogen con- 
tent of the steel less the nitrogen present as aluminium 
nitride, the latter factor being used to 
measure of the nitrogen in solution. 

The aluminium nitride in the steel is governed 
by the aluminium and nitrogen contents and the 
thermal treatment applied as has been illustrated by 
the work of Leslie et al.1® Figure 17 shows the close 
relationship found between the nitrogen present as 
aluminium nitride in the steel and the aluminium 
content of the above series of basic O.H. and basic 
electric-are casts with similar thermal histories. The 
curves follow the pattern expected in view of the 
difference in the inherent nitrogen levels between the 
two steelmaking processes and show that, with 
equivalent aluminium contents, much higher alu- 
minium-nitride contents can be obtained with basic 
electric-are steels. In general these steels are higher 
and more erratic in nitrogen content than basic O.H. 
steels, typical ranges being 0-005-0-007% with basic 


five some 
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O.H. and 0-007-0-012% and 
assuming that the austenite grain-coarsening tempera- 
ture is in fact affected by the amount of aluminium 
nitride present in the steel it is likely that this inherent 
difference in nitrogen content would result in a better 
response of electric-are steels to grain-size 
control. As has been mentioned previously however, 
the correlation of aluminium contents with McQuaid 

Ehn tests on production casts has indicated that with 
residual aluminium contents below about 0-015°%, 
O.H. steels tend to show a slightly greater 
response to grain-size control than basic electric-are 
steels even though ultimately with higher aluminium 
contents equivalent grain-size ratings are obtained 
Fig. 7). Interpretation of this is difficult on the 
basis of the aluminium nitride theory alone and 
suggests the possibility that other factors inherently 
associated with these processes such as the difference 
in sulphur-content levels may be operating. The 
theory that grain-size control is achieved by the 
removal of nitrogen from solid solution as a result of 
the formation of aluminium nitride would perhaps 
appear to offer a better explanation in this instance. 
However, if this were so it is difficult to reconcile this 
with the facts that Bessemer steels of high nitrogen 
content are reputed to possess relatively high grain- 
coarsening temperatures, and acid O.H. steels, which 
are inherently lower in nitrogen content (typical range 
0-004-0-005°,) than either O.H. or 
electric-are steel, do not appear to be the most readily 
controlled. 

On existing evidence it is concluded that whilst the 
aluminium-nitride theory may offer a possible explana- 
tion for the austenitic grain-growth inhibiting action 
of aluminium, considerably more evidence will be 
needed, with particular reference to the action of other 
grain-refiners titanium, zirconium, and 
vanadium, and the response of steels made by the 
various steelmaking processes with their characteristic 
differences before the mechanism responsible for 
grain-size control can be fully understood. The 
rapidly expanding volume of work which is being 
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basi 


(See 


basic basic 


such as 





T T 
— Basic electric arc costs 


cC Open hearth casts 


— dun 











TOTAL ALUMINUM 


> 


Fig. 17 —Relationship between aluminium content and 
nitrogen present as aluminium nitride in basic 
electric-arc and basic O.H. casts of En 18 steel 
specimens in 930°C (8 h) carburized condition 
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field on 
very informative 


the metallurgical vacuum- 


steel may prove 


carried out in 
melted and cast 
in this respect. 
INGOT PANEL CRACKING 

In the production of grain-size controlled steels a 
very undesirable ingot defect known as * panel 
cracking’ or ‘ centre face cracking’ is sometimes 
encountered. Since most steelmakers engaged in the 
production of such steels will no doubt be familiar 
with this defect, details of some experiences with this 
problem should be of interest. 

Panel cracking which is essentially confined to 
medium-carbon steels takes the form of a longitudinal 


crack running down the middle of the face or flute of 


an ingot. It appears to be mainly experienced in the 
intermediate size range of forging or rolling ingots 
and is apparently rarely encountered in very large 
forging ingots. It must not be confused with the 
interdendritic or ‘hot tear’ type of longitudinal 
cracking which is usually found to be responsive to 
changes in mould design and casting conditions. 
Panel cracks are not of this nature and evidence 
suggests that they occur at a much lower temperature, 
and efforts to eliminate them by alterations in casting 
technique do not generally prove very effective, 
although it is claimed that reductions in casting 
temperature, speed, and careful spacing of moulds in 
the casting pit to ensure uniform cooling are bene- 
ficial. An example of panel cracking in a 14-in. square 
24 cwt basic electric-are En 18 steel ingot is shown 
in Fig. 18. The defect usually occurs spasmodically 
and since it almost invariably necessitates the ingot 
being scrapped it can, if the incidence is large, create 
serious difficulties with production schedules. 

Experience has shown that steels made by the basic 
electric-are process are the most prone to cracking, 
basic O.H. steels being a good deal less susceptible. 
It is rarely, if ever, encountered in ingots produced 
by the acid O.H. process. Plain carbon steels in the 
range 0-4-0-7°, C appear to be affected, but there 
is evidence that the lower limit of carbon is about 
0-3°, for certain susceptible low-alloy steel grades. 
Steels particularly prone are the medium carbon 
grades containing in addition 1°,Cr, 1° Ni, or 14°4Mn. 
The inclusion of 0-2-0-3°,Mo in the 1° Cr or 14°,,Mn 
grades eliminates the susceptibility of these steels but 
it has been found that small residual amounts up to 
about 0-1° do not have any marked effect. 

It appears fairly certain that if the production 
procedure applied is such that the ingots are stripped 
and transformed hot direct to the forge or mill- 
reheating furnaces little cracking is encountered, and 
that the trouble is mainly experienced where the 
ingots are allowed to cool after stripping for surface 
rectification or other reasons. If the latter procedure 
has to be applied then it is important that other 
means to eliminate cracking are found. 

The defects are usually discovered in the melting 
shop after the ingots have cooled or at a later stage 
during machining or deseaming operations. Alterna- 
tively they may apparent during rolling 
operations as longitudinal cracks in the rolled billets. 
One or two ingots can be involved, or in very severe 


become 
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Fig. 18—Panel crack in 14-in. 
(0-4%C, 1-0°,Cr) steel ingot 


square 24 cwt En 18 


cases a complete cast and with square-sectioned ingots 
cracks be experienced in two, or very 
occasionally three faces of the ingot. Figure 19 
illustrates an etched transverse section taken from a 
14-in. square medium-carbon 1%,Cr steel ingot show- 
ing cracks in two adjacent panels. Here, one of the 
cracks was not visible on the surface of the ingot, a 
feature that has frequently been observed in similarly 
prepared sections taken from other defective ingots, 
and which suggests that these defects occur internally 
and propagate towards the surface 

The metallographic examination of sections from 
cracked ingots has so far yielded indefinite evidence 


can one, 
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Fig. 19 
steel, showing panel cracks, (A 


of the cause of cracking. Sulphur printing and macro- 
etching has not revealed any abnormalities associated 
with the defects. Microscopical examination has 
revealed that the cracks tend in the main to follow 
the ferrite network along the prior austenite grain- 
boundaries, an illustration of this being given in 
Fig. 20, but also occasionally follow the pearlite- 
colony boundaries. Only superficial oxidation is 
usually found on the surface of the cracks and from 
the manner in which they follow the ferrite network 
it is considered that they occur below the temperature 
at which ferrite is precipitated. Further support for 
this view in the fact that cracking in 
places around the pearlite colonies. Figure 21 is a 
photograph of an exposed surface of a panel crack 
showing facets corresponding to primary austenite 
grains. 


lies occurs 


On the basis of present evidence it is thought that 
the cracking occurs as a result of internal stresses set 
up during the cooling of the ingot and initiates at the 
prior austenite grain boundaries owing either to the 


nature of the ferrite network, the presence of a 
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Transverse section from a position about two-thirds way up an ingot of En 18 (0-4°%C, 1-0°,Cr) 
visible and the other (B) not visible on the ingot surface x 4 


mechanically weak phase or a combination of these 
factors. That the defect seems to be essentially con- 
fined to steels in the middle carbon range lends some 
support to the that a critical distribution or 
thickness of grain boundary ferrite may be involved, 
this being controlled by composition, austenitic grain- 
size, and rate of cooling. This view was supported 
in a recent paper by Irvine and Pickering!’ in which 
it was concluded that the cracking was mainly due to 


view 


the presence of ferrite networks but that impurities 
such as aluminium nitride might provide the initiating 
factor for a failure which could propagate through a 
crack-susceptible structure. 


and Nathorst!§ 
cracks in medium-carbon basic 


Bjornson longitudinal 

are steel ingots with 
abnormally high residual copper and tin contents, 
namely 0-50-0-68°%Cu, 0-016—-0-32°Sn. They 
concluded that the presence of high concentrations 
of these elements resulted in a in the 
ferritic network which could cracking 
under the transformation during 
the cooling of ingots. 


r¢ pe rte d 


weakness 
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Effect of aluminium 

An important feature of panel cracking in alu- 
minium-treated steels is its marked relationship with 
the residual aluminium content of the steel, the 
incidence becoming greater with increasing aluminium 
content. The reason for this is not clear but possible 
explanations are that increasing amounts of aluminium 
may have an adverse effect on the ferrite hot strength 
or alternatively encourage the formation of the brittle 
aluminium-nitride phase at the primary austenite 
grain boundaries. 

The routine analysis of grain-size controlled casts 
for aluminium has provided extremely useful informa- 
tion on the critical aluminium contents likely to 
produce panel cracking in a number of susceptible 
steels made by both basic electric-are and basic open- 
hearth Certain authorities still hold the 
view that panel cracking is associated with ‘ over 
killing,’ this no doubt being prompted by the fact 
that treatment with the powerful deoxidizer alu- 
minium produces susceptibility, and further, since 
basic electric-are steels which by virtue of the furnace 
conditions are generally more reduced than basic O.H. 
steels, are by far the most prone to cracking. Evidence 
now available that this difference in susceptibility 
exists at similar residual aluminium levels, and the 
fact that little trouble is encountered with acid O.H. 
steels which are inherently well reduced, appears to 
give little support to this theory. 

it has been found that when grain-size controlled 
medium-carbon steels are made by the basic O.H. 
much higher aluminium contents 
tolerated than in the case of basic electric-are steels, 
without serious cracking being experienced. ‘Typical 
figures for a 1°C-type steel are given in Table V. 

The actual variable in the aluminium figures quoted 
in Table V is acid-soluble aluminium since, as was 
mentioned in the first part of this paper, numerous 
analyses have shown that the aluminium present in 
the steel as an oxide remains reasonably constant at 
0-002-0-005°%,. These results indicate quite clearly 
that factors in steelmaking which influence the 
recovery of acid-soluble aluminium in the steel by 
controlling the oxygen content of the bath, e.g. silicon 
and manganese contents of the steel, tvpe of finishing 
will have an indirect effect on the incidence 


pre CeSSeS,. 


process can be 


slag, ete... 


Fig. 20--Crack following ferrite network at prior 
austenite grain boundary in En 12 (0:4°,,C, 0-8°% Ni 
steel ingot x 170 
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Fig. 21--Inner surface of panel crack showing faceted 
appearance, actual size 


of cracking, and also that the effect of other variables 
such as casting conditions and the thermal treatment 
of the ingots would be difficult to unless 
correlated at controlled aluminium-content levels. 
However, the amount of aluminium added does not 
always provide a aluminium 
present in the steel in view of the considerable varia- 
tions in recovery which could be experienced owing 
to varying steelmaking conditions 

Because of the critical influence of aluminium it is 
naturally preferred to make grain-size controlled 
steels, which are very sus« eptible to panel cracking by 
the basic or acid O.H 
tolerance in residual aluminium content. 


ASSESS 


correct measure of 


which allow greater 
When basic 
electric-are steels are required, very great care has to 
be taken in controlling the content if 


pre CESSES, 


aluminium 


serious cracking is to be avoided, and it is very much 
a compromise between obtaining effective grain-size 
control and the avoidance of panel cracking. 
Attention has been given to ascertaining possible 
reasons for the difference in susceptibility shown by 
steels produced by the basic O.H. and basic electric- 
are processes, also bearing in mind that little trouble 
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TABLE V 


Incidence of panel cracking in 14 in. square En 18 
steel ingots related to aluminium content 





oe 
Ingots showing panel cracks, 


Total aluminium 
content, 
Basic O.H. 


| 
| 


| 

| P 

| Basic electric-arc 
| 





@ 015 04 3-0 


0 016-0 020 1-7 31-4 
20-8 


35-8 


0.021 0-025 44.0 


0 026 0-030 N.D. 


0 031-0 .045 40-3 71:0 








is encountered with acid O.H. steels. 
course several characteristic differences between steels 
made by these including variation in 
residual oxygen, hydrogen, sulphur, and phosphorus 
and in standard of cleanness, but one feature which 
appeared to be of possible significance in view of the 
influence shown by aluminium was the inherent 
difference in nitrogen levels. 

It is now fairly well established that the presence 
of critical amounts of aluminium nitride precipitated 
at the primary austenite grain boundaries may, with 
certain carbon and low-alloy steels, produce an inter- 
granular form of fracture often referred to as ‘ rock 
candy ’ fracture. This type of fracture which has been 
investigated by Lorig and Elsea!*® and several other 
workers, is associated with poor ductility and low 
impact properties and it has been reported that in 
certain cases it may result in the cracking of castings 
in the mould under the internal stresses set up during 
cooling. The appearance of this type of fracture is 
in many respects very similar to that obtained in 
panel cracking. 

It has been postulated!’ that the susceptibility to 
intergranular fracture depends on the aluminium- 
nitride content of the steel, this being controlled by 
the amounts of aluminium and nitrogen present and 
the rate of cooling, rapid cooling retarding precipita- 
tion which occurs principally in the range 980-700" C, 

In Table VI the nitrogen and aluminium contents 
of a series of basic O.H. and basic electric-are casts 
of En 18 steel have been correlated with the incidence 
of panel cracking experienced. This correlation shows 
the nitrogen level of the O.H. casts to be in the range 
0-005-0-006°,, and for the electric-are casts 0-007 
0-012°% and indicates that increasing aluminium and 
nitrogen contents tend to increase the incidence of 
cracking. It should be mentioned here that the 
nitrogen contents of similar grade steels produced in 
the acid O.H. where cracking is very rarely experienced 
lie in the range 0-004-0-005%, i.e. slightly lower than 
obtained with the basic O.H. process. Analysis by 


pre CESSES 


the Beeghly'® method has confirmed the presence of 


aluminium nitride in cracked ingots and since the 
amount present will be related to the aluminium 
content of the steel it would be expected that casts 
high in aluminium will also tend to have a relatively 
high aluminium-nitride content (see Fig. 17). 

Table VII gives details of hot tensile tests carried 
out on a series of experimental medium-carbon steel 
casts with varying aluminium and nitrogen contents. 
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For the purpose of this experiment test bars were 
cast in sand moulds from a 20-lb h.f. furnace. The 
specimens were tested in the as-cast condition at 
600°, 700°, and 800° C after soaking for 1 h at tem- 
perature. 

The results indicate that the higher aluminium 
contents, namely 0-058 and 0-073°%, have caused a 
lowering of the hot ductility of the steel at tempera- 
tures of 600° and 700° but not at 800° C. With regard 
to the effect of nitrogen content there is some indica- 
tion that when high aluminium contents are accom- 
panied by high nitrogen contents a further reduction 
in ductility is experienced at the lower temperature. 

Experiments carried out in the author’s works and 
elsewhere have indicated that whilst probably the 
best method of avoiding the occurrence of ‘ rock 
candy ’ type fracture is to ban the use of aluminium 
altogether, it may possibly be minimized in steels 
treated with aluminium if a prior addition of titanium 
or zirconium is made to enable these elements to 
combine preferentially with nitrogen and so reduce 
the chances of forming aluminium nitride. Woodfine”® 
arrived at the latter conclusion in his work on inter- 
granular fracture in steel castings. From the evidence 
obtained it was considered that although by no means 
certain, there was a possibility that aluminium 
nitride was a contributory factor in panel cracking, 
and it was therefore decided to carry out production 
trials with medium-carbon grain-size controlled steels 
using titanium as a prior nitride former. 

Titanium was chosen since it has less affinity for 
oxygen than aluminium whereas zirconium the 
probable alternative, although perhaps a stronger 
nitride former, has an even greater affinity for oxygen 
and can be subject to severe oxidation losses when 
added to liquid steel.*!_ Further, since titanium also 
acts as a grain-growth inhibitor this enables the 
aluminium addition to be reduced, a procedure that 
is sometimes adopted for purely grain-size control 
purposes and which it was considered would be a 
further desirable step to take. 

A series of production basic electric and 
open-hearth casts of medium-carbon steel of the highly 
susceptible 1° Cr and 14°,Mn grades has been made 
using a prior titanium addition in the form of ferro- 


basic 


TABLE VI 


Incidence of panel cracking in 14 in. square En 18 
steel ingots related to aluminium and nitrogen 
contents 





Total Al: 
0-016-0-020°,, 


Total Al: 
0-021-0 025°, 


Total Al: 
0005-0 015°, 
Nitrogen 
content, 


| No. of | No. of 
ingots | ingots % ingots 
exam- exam- Cracked exam- 
ined ined ined 


No. of 


Cracked 





0-005 0 006 128 i 77 
(Basic OH 


steel) 


128 





| 0007-0 009 28 
| (Basic E-A 
| steel 


| 0-010-0-012 
Basic E-A 
steel) 
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TABLE 
hot tensile-test results on medium-carbon steels with varying aluminium and nitrogen contents 


Details of 


Composition, 


N 


017260B 0 003 010 


01726E 0 010 O18 


01726D2 0.014 0 007 


01726C 0 058 0 015 


01726A2 d 0-98 0-073 0-005 


titanium followed by a reduced addition of aluminium, 
and whilst insufficient casts have been produced to 
enable a definite conclusion to be drawn the results so 
far appear promising in that in 
satisfactory grain-size control has been achieved and 
the incidence of panel cracking very greatly reduced. 
With the the titanium 
additions can be added to the furnace bath or in the 
ladle and, as in the case of aluminium, special pre- 
cautions have to be taken to avoid excessive losses 
due to with For the open-hearth 
process the additions are made in the ladle. The 
titanium addition employed for this method of grain- 
size control is about 0-04°,. 

As mentioned earlier, a disadvantage that can arise 
with titanium-treated the tendency for 
titanium carbonitride crystals to be formed which 
can be undesirable when ease of machining or a high 
standard of cleanness is essential. Careful considera- 
tion may have to be given to this aspect when deciding 
the suitability of this method. The severity of these 
inclusions is, however, affected by the steelmaking 
procedure employed and therefore may be minimized 
to a large extent by the adoption of a suitable steel- 


very every case 


electric-furnace process 


slag 


reaction 


steels is 


TABLE 


* Test piece broken outside middle half 


AUSTENITIC GRAIN-SIZE CONTROL 


Vil 


600 C 700 ¢ 800° ¢ 


Not determined 


making technique. No difficulties have so far arisen 
in this direction with any of the casts made by the 
Table VILL gives details of some 
of the casts produced using titanium and aluminium 
for grain-size control purposes and ine ludes the 
results obtained concerning grain-size and incidence 
of panel cracking: The ingots from these casts were 
stripped hot and air cooled after casting. Later they 
were taken from stock, preheated and deseamed then 
reheated for rolling. All the casts of which details 
are given were free of crac king even though two casts 
possessed dangerously high aluminium contents, i.e. 
0-034%, and 0-027%. 

Table LX gives details of the results obtained with 
basic O.H. En 18 steel ingots grain-size controlled 
with titanium and aluminium and, for comparison, 
the results achieved from similar casts treated solely 
with aluminium. 

Should the procedure outlined prove to be com- 
pletely effective it is appreciated that this does not 
necessarily confirm the validity of the aluminium- 
nitride theory in relation to panel cracking, and that 
other possible factors concerning the hot strength of 
ferrite need to be investigated. The fact that suitable 


procedure discussed 


0 


Vill 


Details of grain-size controlled casts using titanium and aluminium 





Composition, 


Process 


Ladle addition, Steel content, 


McQuaid Ehn 
grain-size of 
rolled billet 


Incidence 
of ingot | 
panel 
cracking | 
Ti | 








A (En 15 Basic E-A 


En 18 


Basic O-H 
034 
020 
029 
027 026 
032 031 


035 032 


*eeoeeoe¢séc%3ses?sdssesteees & 


0 
0 
034 0.030 
0 
0 
0 


038 036 73 


0.075 Av. 6, range 5.8 Nil 
03 
05 
02 
09 
07 
90 


95 


00 
05 





0 
0 
0 
91 * ” 0 
0 
0 
0 


00 019 


02 ” ‘ 0 022 0.015 





All ingots 14-in. square, bottom poured, stripped hot and air cooled 
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TABLE IX 


Panel cracking in basic open-hearth En 18 steel, 14 in. 
square ingots related to grain-size control 
procedure 





Casts controlled Casts controlled 
Total with Al with Ti + Al 
aluminium 
content, 





No. of ingots 5 


b No. of ingots 
considered Cracked 


considered Cracked | 





<0 015 2517 04 1596 Ni 


0 016-0 020 1449 17 689 
20-8 


35:8 


0 621-0 025 691 
0 026 0.030 


Totals 5-4 


| 
| 
| 





additions of the strong ferrite strengthener molyb- 
denum provides immunity appears to be significant 
in this respect. In addition to its strong nitride- 
forming quality, titanium can also act as a ferrite 
strengthener®! and it is possible that some benefit 
may be gained in this direction. This element certainly 
does not appear to have the adverse effect on cracking 
shown by aluminium since no difficulties have been 
experienced with residual titanium contents of up to 
0-06°%, this being the maximum content experienced 
with the casts treated so far. On the other hand it 
may finally be proved that its value depends on its 
function as a grain-growth inhibitor, so that lower 
aluminium contents"may be employed which are out- 
side the critical range which causes panel cracking, 
although this seems doubtful. These are questions 
which remain unanswered but from all these con- 
siderations it would appear that the choice of titanium 
is probably a suitable one and so may offer a possible 
means of overcoming the problem. 

In view of the promising results achieved with 
titanium, the use of other nitride formers, i.e. 
zirconium and vanadium, is being investigated to 
compare their effectiveness. 


SUMMARY AND CONCLUSIONS 
Grain-size control 


Grain-size control in the production of medium- 
carbon and carburizing steels is achieved by the 
addition of suitable elements which have the effect 
of increasing the austenite grain-coarsening tempera- 
ture. The most effective element is aluminium, which 
is added either in the commercially pure form or in 
combination with other elements such as silicon, man- 
ganese, vanadium, calcium, zirconium or titanium. 
Higher grain-coarsening temperatures are obtainable 
if titanium is used in conjunction with aluminium, 
but its tendency to form titanium carbonitride in- 
clusions may be a disadvantage in steels where a 
high standard of cleanness is essential. 

It has been found that in general, acid-soluble 
aluminium contents within the approximate range 
0-016-0-035°%, are required to produce fine-grained 
steel to the ASTM 5-8 specification. The effective 
aluminium range varies to some extent according to 
the type of steel being made, the chromium-bearing 
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steels requiring somewhat higher aluminium additions 
than plain carbon steels. Of the steels considered, 
the En 34 nickel-molybdenum grade was the most 
easily controlled. 

Production experience suggests that basie O.H. 
steels are somewhat more amenable to grain-size 
control than basic electric-arc steels of similar com- 
position. 

Careful control of the steelmaking practice is 
essential in the production of fine-grained steels. The 
state of deoxidation has a marked influence on the 
amount of aluminium retained in the steel and in this 
respect the carbon and silicon contents are particularly 
important. The amount of aluminium recovered 
increases with the increase in the amount of these 
two elements and due allowance must be made for 
this in fixing the aluminium additions. A further 
important factor is the manner of adding the alu- 
minium and care must be taken to avoid contact with 
slag. Slight losses of aluminium may sometimes occur 
during the holding period in the ladle and unless 
allowance is made for this there may be a tendency 
for coarser-grained materials to be experienced in the 
latter part of the cast. 

It is important to know the grain-size characteristics 
of casts before rolling and this may be assessed by 
either (a) the routine analysis for total aluminium 
content, or (6) MeQuaid—Ehn tests on material rolled 
from small pilot ingots. 

Experimental work carried out on _ rolled-billet 
samples of aluminium-treated En 18 steel indicates 
a relationship between McQuaid—Ehn grain-size and 
the aluminium-nitride content of the steel. This is 
in line with the theory put forward by other workers 
that the grain-growth inhibiting action of aluminium 
is due to the formation of aluminium nitride rather 
than alumina nuclei. Other grain-growth inhibitors 
such as titanium, vanadium, and zirconium are also 
nitride formers and it seems likely that their effective- 
ness is associated with this characteristic. However, 
it is felt that much more evidence is required before 
the mechanism of grain-size control can be fully 
explained. The rapidly expanding volume of work 
now being carried out in connection with vacuum 
melting and casting should prove very informative 
in this respect 


Ingot panel cracking 

Ingot panel cracking or centre face cracking as it 
is sometimes called is a defect which is experienced 
with medium-carbon steels when treated with 
aluminium for grain-size control. Since any ingot 
suffering from this defect almost invariably has to be 
scrapped it can create a serious production problem 
if the incidence is large. Evidence suggests that the 
cracks occur internally and propagate to the surface 
as a result of internal stresses set up during the cooling 
of the ingot. Only slight oxidation is usually found 
on the surface of the cracks and since they tend in 
the main to follow the ferrite network at the prior 
austenite grain-boundaries it is concluded that they 
occur at a temperature below that at which ferrite 
is formed. 

Experience has shown that basic electric-arc steels 
are more prone to panel cracking than basic O.H. 
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steels and that the defect is rarely experienced in the 
case of the acid O.H. process. 

A significant relationship has been found between 
the incidence of cracking and the aluminium content 
of the steel, the incidence increasing as the aluminium 
content increases. Higher aluminium contents can 
be tolerated without experiencing cracking in the case 
of basic O.H. steels than with basic electric-are steels 
of equivalent composition. 

The reason for the influence shown by aluminium 
is not clear but possible explanations are that the 
presence of increasing amounts of this element in the 
steel may (a) produce an adverse effect on the ferrite 
hot strength, or (6) encourage the formation of a 
brittle aluminium-nitride phase at the primary 
austenite grain-boundaries, conditions which could 
favour cracking under the transformation stresses 
encountered during cooling of the ingot. Since the 
more susceptible basic electric-arc steels possess a 
higher inherent nitrogen content than the basic O.H. 
or acid O.H. steels the problem was pursued particu- 
larly from the aspect of the aluminium-nitride theory. 

Production trials were carried out with highly 
susceptible basic electric-arc and basic O.H. steels 
of the medium-carbon 1-0°% Cr and 14° Mn grades 
in which titanium was used in conjunction with 
aluminium for grain-size control purposes with a view 
to it acting as a prior nitride former and so minimize 
the chances of aluminium nitride being formed in 
the steel. Furthermore, since titanium acts as a grain- 
growth inhibitor, it should permit the use of lower 
aluminium additions. This procedure has so far 
proved very successful in that satisfactory grain-size 
control has been achieved and the incidence of panel 
cracking greatly reduced. 
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The iniluence of tempering-ltime on some oi 


the mechanical and physical 


properties of steel 


By J. L. Aston, M.A., Ph.D. 


SYNOPSIS 


An apparatus is described for the uniform heat treatment of 
small steel specimens in periods of a few seconds. It is confirmed 
that the mechanical properties of hardened and tempered steels 
can be represented fairly accurately by linear functions of the 
tempering temperature and the logarithm of the tempering time, 
but generally with a small interaction between these variables. If 
two specimens of the same steel are tempered to the same strength 
by different tempering treatments, they do not necessarily have the 
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same ductility. For the low-alloy steels examined, it is usually 
found that the specimen which is tempered for the shorter time at 
the higher temperature possesses the better ductility. This is 
largely because temper-embrittlement is less. Line-breadth measure- 
ments on the (310) X-ray diffraction line from the ferrite indicate 
no significant difference between specimens of the same hardness, 
even though there is a difference of 1 : 20000 in the tempering 
1467 


time. 
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TABLE I 


Composition of steels tested, and hardening and quenching treatments 




















Composition, Hardening | 
ardcgeni ‘ | 

Steel Temp., Quenc hing 

c Mn Ni Cr Cu Si s P c a 

A 0-38 0:53 3-43 0-12 0-25 0-011 0-008 880 Oil 
B 0-40 1-40 0-15 0-06 0-21 0:24 0-046 0-024 840 Water 

Cc 0-47 0-30 0-05 0-05 0-08 0-009 0-015 840 Water | 
D 0-46 0-87 0-18 1-00 0-29 0-030 0-028 900 Salt at 200°C | 
GENERAL INTRODUCTION of 5s and longer, a Negretti and Zambra quick-reading 
ALTHOUGH A GREAT DEAL of attention has been potentiometer was used to measure the e.m.f. pro- 


given to the temperature of heat treatment, less has 
been given to the duration of heat treatment. Treat- 
ment time is important not only for furnace efficiency 
but also in the application of induction heating, where 
the process is inevitably carried out in a period of 
seconds or a very few minutes. 

Several workers have investigated the effect of 
time and temperature of tempering on hardness,' with 
the implication that, for each steel, a particular hard- 
ness will always have associated with it the same set 
of values for the other mechanical properties. Other 
mechanical properties have been measured on steels 
tempered for various periods? but the shortest temper- 
ing times were of several minutes duration. It 
been suggested* that rapid tempering may give a 
better compromise between strength and ductility 
than is obtained by furnace tempering. 

In the work reported here, an attempt has been 
made to determine the change of properties during 
the tempering of steel, with special reference to 
periods of a few seconds. The apparatus described 
was later used to investigate the of the 
alpha~gamma change in the hardening reaction. 


has 


progress 


DESCRIPTION OF APPARATUS 

Electric-resistance heating was necessary to give 
the required heating rate (500-1000°C)s). Since uni- 
form heating was essential, high-frequency current 
with inductive coupling could not be used because 
of the ‘ skin-effect ’ phenomenon. Instead, 50-cycle 
alternating current was passed directly through the 
specimens, which were in the form of bars, about 6 in 
long and } in. dia. The necessary current of about 
1500-2000 A at about 10V was obtained from a 
tapped transformer. Contact with the ends of the 
specimens was made through massive copper blocks. 
The bars were quenched in situ with two wide jets 
of water which played on opposite sides of the 
specimen, to keep distortion to a minimum. 

The heating period and the delay before the begin- 
ning of the quench were controlled by electronic 
timers, working on the condenser discharge principle 

For the tempering experiments, it was sufficient to 
measure the maximum temperature reached. Chromel 
and alumel wires of 30 s.w.g. were independently spot 
welded to the specimens midway between the copper 
terminal blocks. In experiments with tempering times 
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form on llth July, 1958. 
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duced. When the tempering time was shorter, a 
sensitive and quick-acting moving coil meter 
used. For the shortest tempering times, a cine camera 


Was 


was used to follow the meter movements. 


EXPERIMENTAL 
Heat treatment 


PROCEDURE 


Specimens to be tempered electrically were 6 in 
long by j in. dia. and were hardened as shown in 
Table I, which also shows the analyses of the steels 
used. Thermocouple wires were attached to a speci 
men, which was then clamped in the copper blocks, 
and the timers were set to appropriate heating and 
delay times. small variables, especially 
the contact it was not possible to pre 
determine accurately the temperature which would be 
reached, but it was possible to treat a series of speci- 
mens to gradually increasing temperatures. The heat 
ing time was generally less than 1 s and the delay, 
or * soaking ’ time, from 1 to 5s. To define accurately 
these short tempering times it was essential to end 
the tempering period by quenching rather than by 
air cooling. Because of this, and the need to maintain 
uniform conditions, all material was quenched from 
the tempering temperature irrespective of the temper 
ing time. 

Specimens for furnace tempering were 4 in. long, 
and were tempered in molten salt for temperatures 
less than 500° C, in lead for short times at higher 
temperatures, and in a tube-furnace for longer periods 
at a higher temperature. In the case of the specimens 
tempered for only a few minutes, it was necessary to 
make a fairly accurate allowance for the time t iken 
in heating to temperature. The heating time was 
determined, for the various conditions that were used 
by means of a hollow specimen containing a thermo 
couple. 


Jecause of 


resistance 


EMPER|} TEMPER ATIIRE 


Fig. 1—Hardness v. tempering temperature, steel A 


3-5°%Ni, 0-4°%.C 
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Mechanical testing 

The ends of the electrically tempered specimens 
were discarded, as they had been kept cold by the 
copper blocks. The bars were then turned parallel, 
and a central length of ? in. taken down to about 
0-18 in. dia. (,\5 in® cross-sectional area). The speci- 
mens were pulled to destruction, mostly on a 7 000-Ib 
3uckton machine, and the usual tensile-test 
were obtained. 


figures 


RESULTS OF MAIN SERIES OF 
EXPERIMENTS 
In the first experiments on the 3°,Ni steel A, one 
series of test-pieces was tempered for 5s, and a second 
series for Lh. Figure 1 shows the relationship between 
hardness and tempering temperature for the two 
tempering periods. These curves are similar in shape, 
with an approximately uniform displacement along 
the temperature axis. The U.T.S. tempering-tempera- 
ture curves are of the same shape. 
Figure 2 shows that tempering time has a more 
marked influence on the ductility than on the hard- 


hess. 


TEMPERING 


The rise in ductility associated with increasing 
tempe ring te mperature occurs at a lower tempet iture 
in the case of the specimens tempered for the shorter 
period. No satisfactory explanation of this observa- 
tion can be offered. 

In engineering practice, the heat treatment em- 
ployed is quite unimportant with the 
properties obtained. The results have therefore been 
3, with U.T.S. and reduction 


plotted again in Fig. 3, 
in area along the axes. It is evident that a useful 
may be obtained by 


compared 


improvement in properties 
tempering for only a short time. It was observed that 
this improvement in reduction of area value with 
short tempering time was associated with deformation 
after the maximum load had been reached. 

The 1°,,Mn steel B was tested in the same way, and 
the strength ductility relationships for the two tem- 
pering times are shown in Fig. 4. The improvement 
with a short tempering time is smaller than for the 
nickel steel, but is reproducible. 

When these results had been obtained, it was 
decided to extend them to a greater range of tempering 
times. It has been shown! that the hardness decreases 
linearly with the logarithm of the tempering time, 
and this was confirmed. It was also confirmed that 
strength decreases similarly. However, the ductility 
did not change in an exactly corresponding way, i.e. 
it did not increase uniformly with the logarithm of 
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= | 
Zz | . 
| + } 
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Fig. 2 —Ductility v. tempering temperature, steel A 
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Fig. 3 Strength v. ductility after tempering, steel A 


the tempering period. The deviation from the antici- 
pated results was especially marked in the first minute. 

The results could be presented as a series of families 
of curves, showing the dependence of strength or 
ductility on either tempering time or tempering tem 
perature, the other being held constant. Instead 
they are presented as ‘ contour maps ’ of the hardness 
time-temperature and ductility-time—temperature 
surfaces. Figures | and 2 are vertical sections of such 
surfaces. 

Surfaces were fitted mathematically to the results 
obtained by for various times and at 
temperatures. ‘They fitted by the 
method of least squares, the mathematical form being 
selected by inspection of the results, and not by 
theoretical reasoning, i.e. the surfaces are empirical. 
Product and terms included if their 
coefficients were statistically significant 

The hardness and ductility of steel B after temper- 
ing under a wide range of conditions are shown in 
Fig. 5. Each line in one family of curves joins points 
of the same hardness on the ‘ hardness surface 
line in the other family joins points of the same 
ductility on the * ductility surface.’ Hardness 
plotted in preference to strength because there is a 
smaller random experimental error in its determina- 
tion, and the two are closely correlated. It is evident 
that, for this steel, time and temperature of tempering 
are not completely interchangeable, i.e. it is not true 
that if two sets of tempering conditions give the same 
strength, they will also give the same ductility. If it 
is required to temper to a definite strength, it will be 
possible to achieve a greater ductility with that 
strength if a short time of tempering is used. ‘The 
improvement is greater toward the lower left-hand 
part of the diagram, i.e. for the hardest condition, 
where the two sets of ‘ contour lines’ cross at the 
yreatest angle. 

Several specimens were examined microscopically. 
The structures observed were typical of those which 
usually occur in a hardened and tempered steel, having 
regard to the hardness of the various specimens. 
Micro-examination of the other steels gave the same 
result, except as noted later. 

Two further steels, one a non-alloy medium-carbon 
steel (C) and the other a medium-carbon steel with 
1°., Cr (D) were treated similarly, and the results are 
shown in Figs. 6 and 7. 

Figure 6 shows that for the plain carbon steel, when 
the hardness is not less than about 350 D.P.N., the 
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Fig. 4 Strength v. ductility after tempering, steel B 
0:4%C, 1-49 Mn) 


two sets of contour lines are substantially parallel, 
i.e. for any selected hardness the ductility will not 
depend on the particular combination of tempering 
time and temperature used to obtain that hardness. 
However, for softer material, the longer the tempering 
time (with an appropriately lower temperature) that 
is used to obtain a required hardness, the higher will 
be the ductility obtained in conjunction with it. 

The results in Fig. 7 for the 1°,Cr steel D show that 
except for the softest material (less than about 250 
D.P.N.) the more rapid the tempering, the better 
the compromise between strength and ductility. It 
will be shown that the advantage is larger with larger 
specimens, and corresponds to a substantial difference 
in notched bar value. 

X-RAY DIFFRACTION MEASUREMENTS 

The results described above show that it is possible 
for two pieces of the same steel to be tempered to the 
same hardness, and yet have different ductilities. In 
an attempt to determine the cause of this difference, 
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a series of X-ray diffraction experiments was carried 
out. 

It would have been interesting to follow the change 
in the diffraction lines from the carbides, as tempering 
proceeded, but because of the difficulty in doing so, 
attention was confined to the ferrite lines 

Two series of specimens, all of plain carbon steel ¢ 
were hardened and tempered. 
were tempered for 26-8 h at various temperatures, 
and those in the other series for 5 s at various tem- 
peratures. Specimens for X-ray examination were 
polished and heavily etched to remove cold-worked 
metal. They were then illuminated with cobalt radia- 
tion in a back-reflection camera. The 310 line was 
photographed and photometered to give an estimate 
of line-width. 

The results are shown in Fig. 8, where both series 
are plotted on one graph of hardness/line-breadth. 
With the possible exception of the hardest specimen, 
it appears that if two hardened and tempered speci- 
mens of the same steel have the same hardness, they 
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Fig. 8 — X-ray line breadth v. hardness in tempered steel 


will also have the same ferrite line breadth, irrespec- 
tive of the tempering conditions used to obtain the 
hardness. The ferrite line-breadth is an 
ferrite strain. 


NOTCHED-BAR TESTS WITH 
HEATING 

Tests were made on a few bars tempered with com- 
mercial induction-heating plant, to ensure that the 
results were strictly comparable with those obtained 
by the direct-coupled resistance-heating method. This 
also made it possible to treat bar of sufficient diameter 
for notched-bar test pieces. 


INDUCTION 


Heat treatment 

Twelve bars of 1%Cr steel D, 9 in. x ¢ in., 
hardened as before. Five were tempered at various 
temperatures for 1 h and quenched in water. 

The other bars were induction tempered in industrial 
plant.* Power was supplied by a motor generator at 
a frequency of 9-7 ke/s. The heating coil, which was 
horizontal, consisted of 36 turns of copper tubing, 
the turns being slightly more widely spaced at the 
centre than at the ends. The specimen was supported 
in this coil in a silica tube, and adjusted to be as 
nearly co-axial as possible. It was heated for 10 s, 
then after a 5 s delay it was ejected from the tube 
and fell into a water tank. Different tempering tem- 
peratures were obtained by changing the power 
supply to the coil. Hardness traverses showed that, 


were 





* Made available by Messrs Birlec Ltd. 
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except at the extreme ends, the temperature had been 
very uniform throughout the bar 


Results obtained 


A 3-notch Izod and a dia 
tensile test-piece were machined from each of the 
tempered bars. The mechanical test results are shown 
in Figs. 9 and 10. These results correspond with those 
obtained on the small test-pieces, i.e. for a given 
strength a larger reduction in area is obtained in a 
specimen tempered for a short time than in one 
tempered to the same hardness in a longer time and 
at a lower temperature. As was to be expected, this 
is most marked in the notched bar results 


test-piece 0-357 in 


MICROSCOPICAL EXAMINATION FOR TEMPER 
BRITTLENESS 
These results, especially from the Izod tests, 


suggested that the differences in ductility might be 
due to temper brittleness. Transition-temperature 
determinations were notp ossible, but microscopical 
examinations were made, using aqueous picric-acid 
etch. This etchant makes a well-marked grain- 
boundary attack in temper embrittled steel,4 although 
it does not follow that material which this 
attack will necessarily show a decreased notched bar 
strength at room temperature. 

Samples of two of the Izod test-pieces of steel D 
were mounted, polished, and etched together. One 
of the specimens had been furnace tempered, and the 
other induction tempered. They were chosen because 
they had almost the same hardness, but a marked 
difference in Izod value. Microexamination showed 
a clear difference in the degree of grain boundary 
attack. The improvement in ductility obtained by 
the use of a short tempering time is therefore due to 
the avoidance of temper brittleness, at least in this 
steel. 

Microspecimens of the other steels were examined 
again, using the aqueous picric-acid etch. The 1°% Mn 
steel B showed a difference between the specimens 
tempered for a short time, and those tempered for a 
long time, but it was less marked than with steel D. 
In the other two steels used, no difference in etching 
characteristics could be recognized with certainty, so 
it may be that the differences in properties in the 
3°%,Ni steel are due to some other cause. 


shows 
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DISCUSSION OF RESULTS 

Hollomon and others* have shown that the strength 
properties of tempered martensite depend only on the 
‘degree of temper,’ so that they are independent of 
whether this degree of temper, denoted by a para- 
meter P, is obtained by long tempering at a low 
temperature, or by a shorter temper at a_ higher 
temperature. The strength of any particular steel is 
determined by P, although it is not 
linear function of it. P is given by 


in general, a 


i Tila blog t 


where 7 tempering temperature, ¢ 
time, a and 4 are constants for the steel. 

This has been confirmed by Fisher and MacGregor? 
for a plain carbon steel tempered for times ranging 
from 6 min to 10 h. 

In the work reported here, it has been possible to 
temper uniformly for shorter periods than have 
generally been achieved before, when rapid heating 
has been obtained by dipping into lead baths. KEqua- 
tions for the strength properties similar to that of 
Hollomon but with at least one more term, are obeyed 
over the wide range of tempering times used in this 
work. The equations are inevitably more complex 
than that of Hollomon because they use the experi- 
mental strength value. His use of a * tempering para- 
enables him to link parameter and experi- 
mental value by a curve which takes account of the 
empirical nature of the strength scale employed. 

[t is interesting to speculate on the result of extra- 
polating the hardness values al ng the time scale. 
For steel, if tempering temperature is held 
constant, hardness is very nearly directly proportional] 
to the logarithm of the tempering time. It is possible 
to extrapolate back to the as-quenched hardness, and 
so to determine when tempering started, assuming 
that the observed logarithmic softening proceeded 
uniformly. This is equivalent to determining the 
induction time for tempering. For each individual 
steel, except plain carbon steel C, the hardness/log 
time relationship for each temperature would reach 
the as-quenched hardness at about the same time. 
Although it is about the same time for each individual 
steel, it varies between the steels, but only from about 
10°? to 10° sg, This suggests that the induction 
period is of this order, and that the softening then 
proceeds logarithmically at a rate depending on the 
temperature. 

The results for steel C show the softening taking 
place more rapidly at the lower temperatures. This 
suggests that this steel has a substantially longer 
induction period at lower temperatures, but no reason 
is offered for the difference in softening rate. 

The ductility decreased with increase in the tem- 
perature and logarithm of time of tempering, but the 
relationship was not linear. The combination of the 
ductility and strength results shows clearly that the 
simple idea of a tempering parameter is not sufficient 
for these steels, i.e. it is not necessarily true that two 
specimens of the same strength will show the same 
ductility. If they did, then the two sets of curves in 


tempering 


meter ’ 


Cal h 


* Ref. 


1 and elsewhere. 
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Figs. 5, 6, and 7 would locally lie parallel to each 
other. 

This difference in the ductility of specimens of the 
same hardness is to be explained, partly at least, in 
terms of temper brittleness. In a temperature 
about 500° C, although tempering 
normally induce increased ductility, if the increased 
tempering is brought about by time of 
tempermg (as opposed to increased temperature ot 
tempering) temper brittleness may increase, and off- 
set the expected increase in ductility.® That this did 
take place in steels D and B is shown by the Izod 
test results and the microexamination. ‘The develop- 
ment of temper brittleness is a time-temperature 
a short tempering time will minimize 
embrittlement. 


increased would 


increased 


process, SO 


CONCLUSIONS 


The following conclusions are indicated by this 
work, for the steels examined 

(1) Degree of tempering, as indicated by a change in 
hardness or ductility, is nearly: 

(i) a linear function of tempering temperature 

(ii) a logarithmic function of tempering time. 

(2) Although, for a particular steel, a hardness meas- 
urement may be used to determine strength properties 
(and also the width of the X-ray diffraction line 
produced by the ferrite) it provides a much less reliable 
indication of the ductility 

(3) In the low s found 
that the ductility was better if a required hardness 
were obtained by a short tempering time at a high 
temperature rather than a longer tempering time at 
a lower temperature. 

(4) As a result of (3), induction tempering is likely 
to give better properties than furnace tempering, pro 
vided that sufficient softening will take place in the 
time available 

(5) This improvement in ductility by tempering for 
only a short time can be explained, at least in part, 
by a reduction of temper brittleness. 


illoy steels examined it wa 
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Historical note no. 4 (second series) 


Nitrogen in early steelmaking 


By H. R. Schubert 


NOT much than a that the 
important part played by nitrogen in the metallurgy of 
iron was theoretically understood.! Nitrogen combined 
with iron forms intensely hard particles of iron nitride 
which impart great hardness to the surface of steel. 

Although not understood in theory, empirical know 
ledge of the role of nitrogen can be traced back to a very 
early age; it was practised in the process of cementation 
or case-hardening known since at least 100 B.c. For 
cementing the soft iron produced in the primitive 
bloomery (smelting) hearth to steel, carbonaceous matter 
such as powdered hoofs and horns, leather, excrements 
ete. was used in addition to, or even instead of, charcoal. 
Since they nitrogen these very 
suitable for obtaining a hard steel. An early example 
is supplied by a fragment of a scissors blade preserved 
at the museum at Hanover and dated to the 3rd to 5th 
centuries B.c. It contains an unusually high percentage 
of nitrogen.?* 


IT WAS more eentury 


ago 


contained were 


The first-known specimen among English finds is the 
eutting edge of a Danish battle-axe of A.p. 895 or 896, 
found in the river Lea near Stratford in Essex and now 
in the Pitts-Rivers Museum at Oxford. The edge had 
been locally carburized by heating in contact with car- 
bonaceous matter and shows a percentage of nitrogen 
greater than that normally found in bloomery iron.’ 
Since the place where it was found is on a route used by 
Danish invaders, there is little doubt that the axe was 
imported from Denmark.? 


The process used in such a case is described in detail 
in the earliest technical compendium of the Middle Ages 
called ** Schedule diversarum artium,”’ a lengthy treatise 
on the casting and working of metals and alloys, to- 
gether with the operations involved in ecclesiastical art. 
It was written by a German monk named Theophilus 
who lived, probably in Westphalia, in the 10th century 





1 J. Perey: ‘Metallurgy: Iron and Steel,” p. 50: 
1964, London, John Murray. 

2 E. H. Schulz: Sudhoffs Archiv fir Geschichte der 
Medizin und Naturwissenschaften, 1958, vol. 42, pp. 
62-64. I am greatly indebted to Professor Schulz for 
supplying the following analysis: C 0-15°,, P 0-12°,, 5 
0-05°,, N0-15°,, Cu < 0-1°,, Si and Mn 0-001 % each; 
examination of the structure showed distinct nitride 
needles. 

*H. H. Coghlan: ‘*‘ Notes on Prehistoric and Early 
Iron in the Old World,” pp. 191-192 (nitrogen 0 -0085 °%,), 
Plate XV, Figs. 1-4, and Fig. 56, no. 3. 

*H. H. Coghlan: Private communication. 

5 English translation by Robert Hendrie, *‘ An Essay 
upon various arts,”’ in three volumes: London, 1847; 
with regard to the date, see O. Johannsen, ‘‘ Geschichte 
des Eisens,’”’ pp. 74 and 197 (reference to Bishop Barn- 
ward of Hildesheim, who lived in the 10th century), 
3rd ed.: 1953, Diisseldorf, Stahleisen. 
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4.p.5 In the third book (chapter 19) he described case 
hardening of soft files with the help of 
substances such as the grease of an old hog and leather 
tied on to the tron 
temporary ron 
three-year-old 


iron organi 
straps from the skin of a buck-goat 
with flaxen thread For 
(chapter 21) h recommended urine of a 
that of a young red-haired boy 
in the so-called Vaz pa Clavicula, but only 
12th and not in that the 10th 
steel to be 


instruments 
buck goat or Similar 
passages are 
im its fuller form of the 
century. For 
milk of a Saracen she 
and milked by 
nettles was recommended. 
Theophilus is replaced here by a 
complexion.® 


used iO 
had been fed 
udders 


tempering cutting 
goat that 

he r 
The young red-haired boy of 


girl 


glass, the 


upon ivy scratching with 


small of ruddy 


Case-hardening with organic substances was still used 
in 17th century England, 
supplied by John Moxon, the first English publisher of 
technical hoofs 
he wrote in 1677, were first dried and pulverized and then 
mixed with sea 
The iron to be 
mixture and 


according to the des ription 


a series of handbooks. Cow horns o1 


salt and stale urine or wine vinegal 
cemented was covered all over with the 
When the loam 
had been hardened, the encased iron was heated on the 
hearth of a bright red 
(about 900° C), and quenched in water at the end of the 
process,” Although according to Moxon, the 
was less practised in his days than earlier, it had not 
ceased completely. In 1604 an English magazine pointed 
out that ‘* Hoofs are excellent Fuel for Case-hardening 


of Iron.’*® 


encased in loam 


cover 


blacksmith’s forge to a heat 


| TrOCceSS 


A technical encyclopedia of 1704 reported that steel 
is made ‘* by stratifying of Plates of [ron in a large Furn- 
ace with the Horns or Nails of Animals, under which is 
made a great Fire: Thus is the Iron calcined, but when 
red hot, and near melting, they take the Plates out and 
dip them suddenly in cold Water, and they 
Steel.’’® In the later part of the 18th century, the view 
was still held that the renowned swordblades of Damascus 
were hardened by quenching them red hot in “* fresh 
goat’s blood.’ The had to be 
‘which makes blades so 


become 


process repeated nine 


times, their hard as to cut 


iron.’’!° 





*L. Thorndike: *‘ A history of magic and experi- 
mental science’, vol. 1, pp. 767-769: 1929, New York. 

7H. R. Schubert: ‘ History of the British Lron and 
Steel Industry, ¢. 450 B.c. to A.p. 1775”: 1957, London, 
Routledge and Kegan Paul. 

cs A Collection for Improve ment of Husbandry and Trade, 
edited by John Houghton, vol. 5, no. 119, London, 
9th November, 1694. 

*G. Harris: Lexicon Technicum ": 1704, London. 

10 G. Smith: ‘‘ The Laboratory; or School of Arts,” vol. 
I, p. 224, 6th ed.: 1799, London (first published in 1738). 
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Announcements and News 


THE IRON AND STEEL INSTITUTE 


Autumn General Meeting 


The Autumn General Meeting of the Insti 





tute will be held in London from Wednesda 

to Friday, 2nd to 4th December. The main 

technical sessions will be devoted to the 
presentation and disc n of a series 
paper n he i« i defor ation, includi 
forwing i <tr t Ther will al I 
sion levoted to t volution and preven 

n ot tur in steelmaking | es and t 

ica alhur 1 subject Full details 

be pul hed i later ie of the Journal 


Determination of Gases in Metals 








The Society for Analytical Chemistry, The 
Iron and Steel Institute, and The Institutes 
‘ Metals are holding a joint symposium on 
Tuesda nd Wednesday, 3rd and 4th May, 
1960, at Church House, Westminster, on 

Che Deter nation f ¢ es in Metal 
Phre sessions are envisage ipving the 

ternoon of the trad and the 1 rming ind 
fternoor f the 4th At the t session 
it ed review ipers will be pr i r 

t fetert atiol oO hydroger 
tna tr ni i general way thie ther two 
BESSIOI will be devoted to shorter papers and 
liscussions dealing with specialized aspects 
f the field 

Preprints of all the papers ¥ ] be available 

before the meeting; the proceedings, including 


President and Past-President honoured by 


\t the 67th General Meeting of the American 
Iron and Steel Institute, held in New 
May, 
conferred upon Mr W 


York in 
Honorary Membership of the AIST was 
, and MrC 


immediate 


Barr, 0.B. 


R. Wheeler, c.B.F President and 


Past-President respectively of The Iron and 
JOURNAL OF THE IRON AND STEEL INSTITUTE 





i issions, will be published 


Twelfth Hatfield Memorial Lecture 


The Twelfth Hattield Memorial Lecture wi 
he lelivered at Sheffield on the « 1 , 
Wednesday, 25th November, |! \cader 
G. Kurdjumov, of the Department of PI 
Metallurgy, Central Kesearch Institut 
Ferrous Metallurgy, M Fu t : 
be announced later 


Darby Anniversary Meeting 





In 1709 Abraham Dart ichieved the rst 
esstu ise )6o6f)6€6ccomke6im) [6ulronmaking $at 
C AiDT ' iale lo cel brat the 250th i 
rsar f this event, a eeting will be held 
rom Wednesday to Friday, 28rd to 25th 
September, at the Ur rsitv of Birmingham 
ind at Coalbrookdale, Shropshure 
Allied Ih Ltd. have made arrar 
ts to pr rve tt rnace and to establi 
1 mus n tt t f Abrahar Darby's 
x per t it ¢ 1 <da \ tt 
et up under the ai hay f Sir Frederic 
Scopes ! mizing tt meetir 
lt { ‘ ar ithu pr rar 
the meetir 
Wednesday, 23rd September 
Evening 
Opening lee ture the University ot 


AISI 


r 


Steel Institute. The presentations were made 
at the AISI dinner, held in New York on 28th 
May The photograph shows Mr Barr and 


Mr Wheeler at the dinner with Mr Benjamin 
F. Fairless, President of the AISI and a 
Bessemer Gold Medallist of The Lron and Steel 


Institute 
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of Science and Industry 














Birmingham | Professor ‘I Ss Ashtor 
T} m F wkg j 
ror try in the eigh niury 
Thursday, 24th September 
i/l day 
Presentation and discussion at the Uni 
tv of Birminghar f the Wig paper 
The harcoal try n 
Britaw th il S/ 
and th levwe nt th ndu / 
1750,” by B. L. C. Joh n 
li} niributi f ti Da ) 
ronm y and th ndustry Lr 
R rick 
Coalbrookdale 1709,” by Dr I \. Mota 
Troy inding past and ' 
J. G. Pear« B.I 
Ever ] 
Dit r the ¢ nd Hot I r 
Friday, 25th September 
1/l day 
Visit b " tor ich to th ( t i 
furnace and museu th Iron Bridge 
other historical sites in the neight rho 
Further details and forms registrat 
may be obtained fro: tl Secretary I 
Iron and Steel Institute 
Memorial to Sidney Gilchrist 
Thomas 
The Newport and District Metallurg 
Society has been in existence for 25 vea 
I} Society serves” the ndustries t 
Newport und = Monmouthshire ul 
provides a ver iseful function in bring 
together all those who are interested 
technical developments im the iron and ste 
and non-ferrous industries 
The President and Office f the 
consider that it 1s appropri: in th 
jubilee year to honour the memor 


Ci 


lk 


Carlyle 


basic 


Blaenav« 


hrist 
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mouthshire 


their 
Bessemer converter 
phorus from molten i 
sible, 
and open-hearth proces 
the vast phosphoric iron-ore 


by 


early 


Tre 


Thomas, who with his « 
Gilchrist 


steelmaking 


out the world 


produced in the world 


processes. 


t is considered that 
erected on the site 
to perpetuate their memory 


process 
at the works of the old 
Iron and Steel Compan Mon 
Thomas and Gilchrist carried 
experiments with a_basic-lined 
for the removal of pho 
on, thus making po 
ins of the modern basic Bessemer 
th exploitat 
deposits through 
Podavy the majority of the steel 
is made by these two 
a memorial should be 


pioneered the 





of these early 


The old 


Blac 





experimne nts 


n 


avon Iron and Steel Company’s works wers 


d down recently, b 


it it 1s fortuna 


th 


te 


at 


in their place a modern plant for the manufa 
ted by 


ture 


Pickford 


who 
work 
Steel, chairman of 
grante 


erect a memorial 


ously 


It is proposed to 


owe 


f 
ot 


purpose 


The Sidney 


The 


9° 


incor 


Thomas 


of 


MI 


of basic 
Holland 


their very 


ing 


ret 


ractories has been ere« 
Co. Ltd. of St 
existence to the pl 


and 


and Gilchrist. Mr 

this company, has 

‘d all facilities and permis 
on this historic site 


a 
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from 


inaugurate a fund 
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rrust 
this fund will be 


trust fund, to 
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Erecting an obelisk in granite on the site 











ia of a ca rize, t 
th ly Gilchrist 
to thors yf ' 
+} best paper of the 
’ elk ments in Da 
ing lished the Journal 
of The Ir and Steel Institute, with 
wh inst te Newport and District 
Met irgical Society is affiliated. 
The a rd of travelling scholarships, if 


funds permit, to candidates in indu 











wt h co leted an advanced 

allurg to study develoy 

el in teeimaking prac tice in 
HneyT i : 

The Council of The I nd Steel Institute 
is 1 3 pati with tt ind 18 
prepared t the New rt and District 
Met l Sy ¢ " iT nting ther 
Mr C. R. Whee ‘ 1 mmediate Past 
President t Inst t na lette Ip] 
ing the pr Is, wrote 

“ oT} that t n and ] tries 

f the / to Sidney G j ; 18 48 

wmnmer Without } } lL be 

ley j 1 ractical th 

SE he great r “ur f } hor 8 

Much t} ’ hich led th 

al devel ent he 1 
steein ng 1 iwrved Out by Suiney 
Gilchrist Thomas at Blaenavon n Mon 


mouthshire His work is recognised through- 
out the world but there is no ible memorial, 
It is fitting that the Newport and District 
Metallurgical Society, which head 
Monmouthshire, sh ake the 

initiatit n establishing 

The awa made by a 
mittee to be set up by The Iron 
Institute and the Newport and 
Metallurgical Society 

It is intended to this histori 
site and the annual award of the 
forever be associated wit! the 
of Sidney Gilchrist Th 
and 


vd the 


has its 


quarters in uld t 
a memorial. 


rds will be joint com- 


and 
District 


Steel 


ensure that 
prize will 
honoured 
memory 





mas who, by 
skill evolved 
iron and steel 


his genius, perseverance, 
a process which transforme 
industry throughout the world. 

Since the fundamen < of Thomas is of 
| the President and 


itional importance, 
of the Newport District M 





intern 








Pel I a aed t invite all 

col a with basic teelmaking 
throughout the world to subscribe towards 
this nd they fe sure that tl would 
wish to be a ciated with the memorial to s¢ 
outstand i ni Subscriptions should 


ete S OF MEMBERS 


Mr O. Campbell Adamson has joined 
ar a of Richard Thomas and Baldw 


Mr L. Badone has been 


ointed research 





fellow at the physical metallurgy division of 
the — Bran ,» Depart of Mines and 
th Peel Ottawa, Canada 


Mr W. C. E. Bell \ reated a Member of 
the Order of the British Empire (M.B.E.) in 
the Birthday Hi urs 

Mr H. Blincow has left Hadfield 
the Park Gate Iron and Steel ¢ 

Mr H. Bull has been awarded the 
Doctor of Metallurgy by 
versity of Sheffield 

Mr W. L. Cave has 


Richard Thomas and Baldwins 


degree of 


joined the 








Professor John Chipman has been elected 
President of the etallurgical Society of the 
American Institute of Mining, Metallur " 
and Petroleum Eng ers 

Mr J. Dearden, merl ssistant superin 
tendent, has sueceeded Mr T. Henry Turner as 
superintendent of the metal gv division of 
British Railways Research Department 





Mr P. A. Dixon has relinqui 


ied the position 





of steelwork engineer of the Appleby 
Frodingham Steel Company owing to ill-health, 
but will continue to undertake special duties 


with the chief engineer 
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ANNOUNCEMENTS AND NEWS 
Mr W. H. ig nord been elected \ 
a gy Steel Makers’ Guild 
r W. F. Gilbertson 1as joined the board of 
R edb Thon ns Ltd 


mre 


as and Baldwi 


Mr K. Headlam-Morley, Secretary of The 


Iron and Steel Institute, has been « ted ar 
Honorary Member of the Staffords e Iro 
and Steel Institut« 

A. Howard has been appointed a tant 
to Dr I veeve, chief metallur t of t 
Ftp Frodu age Steel Company, with 
tne itie olf resear manager. 

Dr B. B. Hundy has succeeded Mr A. G 
Snape het re rch metallurgist at Steel, 
Peech and Tozer 

K. J. Irvine has been appointed deput 
re irch manager of the research and dey »p 
ment de rtment the United Steel Cor 


panies Ltd 
pan 


Mr G hs Jones has joined the board of 
Richart mas and Baldwins Ltd 

Mir w. pe has been ¢« ted secretar 
tre of the I tric Ste Makers’ Guild 


British n_and Stoel Fed tion, has joined 

“— i “Internat nal Petroleum Co. Ltd 
rK. F Lindstrand | is left Jernkontoret t 

De ’ works manager at Hal tad Jiirr 


verk ‘AB 
Mr John N. ee jun., has joined th 
International N Ir 1s SsUpery yr of 
metallurgical services 
Mr H. Magnuson has retired 
Oberg and Cos. AB 


from C. O 


Mr D. Manterfield has retired from the 
position of chief chemist at Steel, Peech and 
fozer. He will remain with the company for 
twelve months in an advisory capacity 


Mr B. W. H. Marsden is now 
superintendent of the Alg« Steel Corpora 
tion 

Mr A. Mettam has 


steelmaking 


ma 


been elected pre lent 
of the Electric Steel Makers’ Guild 
Mr J. Mitchell, ©.n.£., has been appointed a 





director of Richard Thoma 
Mr F. Moore has succeeded Mr \ 
chief engineer at 1, Peech and 


Mr J. D. Murray is head of th« 


nd Baldwins Ltd 

. Watkins as 
lozer. 

new applied 


S tee 





tallur section of the research and develop 
I ! departs it of tl | ited Steel ¢ ' 
panies Ltd 

Prot rN. J. Petch h s been appointed t 
the hair ¢ metallurs it Kir s Colle 


Ne Vceastie I rit 
Mr F. B. "Pickering is head of the new 


pl gy secti {the research and 
level pment le rtment the United Steel 
‘ mpanic Ltd 

Mr G. L. Richards obtained the degree 
Bachelor of Science last year 

rk. A. Ridal has been awarded the degree 
of B.Se.(Hons.) in physical metallurgy b 
Birmingham University 

Mr W. E. Smith has r tired from the position 


« niet ¢€ ‘trica er meer 
Frodinghan 
Mr A. G. Snape has retit 


of the 
S tee Lo 


sd from the position 


of ch research metallurgist at Steel, Peech 
ind “sane He will remain with the compar 
for twe montns in an advisory capacit 

Dr James K. Stanley is now a section 
manager in technical development at the 
Crucible Steel Company of America, Pitts 


rofessor F, C. Thompson is to retire from 

»f metallurgy and directorship of the 

allurgical laboratories of the lt 
Manchester on 30th September. 

Mr "Tr. Henry Turner has retired the 

t erintendent of the metallur 


position of si 
British Railways Research Depart 


niversity of 


fron 
1} zy 


division ol 


Mr H. W. A. Waring, ©.m.c., has been 


elected chairman of the Steel Committee of 
the United Nations Economic Commission for 
Europe (ECE), in succession to Mr P. van der 


Rest. 

Mr V. W. Watkins h tired from the 
position of chief engineer at Steel, Peech and 
Tozer 

Mr H. Williams is with the plant 
applications engineering department of As 
sociated Electrical Industries Ltd., Manchester. 
Mr W. W. Wood received a knighthood in 

Birthday Honours 


AS re 


now 


the 


JOURNAL OF 


Obituary 
Mr Leonard Kingston Everitt, ».» ; 


ted 1928), of & i, 20th J 


lr James Edgar Hurst, 


1916), of I n 20 


1059 


Mr Wilfred I 


oody | 19 

M Wilfred Stanley Williams 194 
' " ket 
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Symposium on creep-resisting 
materials 


AND 


Marient ( f i 

13th ~ 4 | ; 

; 
t t n 
I +} 

secretariat :. ( 


J Unit ~ ( r 

rec t I | , I 
W t ( ] 

M t i 
Mr B I } 

r t S } 
y t ‘ r { 
Med to M Phe I 


| Institute in 1951 
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Corrosion engineers form association 





The ( E» n 29 Mr H. M 
Pow I 1 r ( ( 
n ¢ Ltd neer 
f the Construct hn } tion, 
ant t t " h 
4 itior Cor | 
[ } , t he to 
pr t! i t 
format t tt it 
torch , ‘ 
In rse t ‘ 
tomveniin & on 
t i 4 
und the ror t zat the 
termine it r n 
contro! 
I let 
btainmed fr Hi ' 
British As it ( nt a7 
Old Brompton |! I i S.V 
‘Revue de Métallurgie ” 
The Re vue de Ve / . Al i th 
iblished |} the S te Frat le Met 
rie for ma i ig 
vith tl June 1959 rl [wo 
10ontn Jj ria 4 i in 
lace of or J f ret he 
1 titl yw) I t i i 
irgy, and in part ilar t t makit und 
transforming proces for ferrou and 1 
errous metal 1} econd, t e | as 
La Mémor S ? 4 tf 4 1 
V étallurqie I i th 
tl nti l | f 
t irg tl i Re illuraie 
A l co t of tw covering 
paper ind abstr tar 
Tinplate plant for Poland 
As a result of negotiations with the Polish 
Government Ager ( rozat i 
lowing visits to Pola 1 H iW git is 
st n order h been pl 1 with The 
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Head Wrightson Machine Co. Ltd. for tw CONTRIBUTORS TO THE JOURNAL 


hot-dip tinmning lines, designed to ve an 











average output of 10.000 tons of tinplate per J. L. Aston, m.a., PH.p.—Foundry Section B. L. Biggs—Kesearch Department, Had 

vear fhe new plant will treble Poland’s Leader, RK, and D. Dept., Head, Wrightson fields Ltd 

present output of tinplate; this increase will and Co. Ltd., Thornaby-on-Tees. Lyndon Biggs was born at Sheffield in 1922 

be absorbed mainly by the Polish canning John L. Aston was born at Mirfield, York He received his education at Woodlar 

industry. Delivery of the equipment will ‘Shire, in 1923 and educated at Bournemouth — (pojjeye, Shettield. He joined the research staf! 

be completed in 12 months Grammar School and Bablake School, Coven at Hadfields Ltd. in 1939, and in 1949 toc 
try. He entered Cambridge University in charge of the works observation section of the 


1941, and in the following year was directed research department, dealing with works 


New laboratories for coil spring 1 with metallurzica 
‘ " metallurg. quali 

research working on heat-treatment and analytical 
Nia problems at Morris Motors Ltd., Coventry, 

New laboratories for the Coil Spring Federa and with Wild-Barfield Electric Furnaces 
tion Research Organisation at Sheffield, which Ltd.. Watford, for four urs, he resumed his W. A. Tiller, M.a.sc., PH.pD.—Westinghouse 


into industry under wartime regulations. After problems connect 


control 

















will be ready in July, will be among the most tudies in the Met ull irgy Department at Electric Corporation, Research Laboratories, 
cotapre ! of their kind in the world Cambridge From 1947 to 1950 he was engaged Pittsburg] 
rh ena research to be carried out on research into the rapid heat-treatment of William A. Tiller was born in Toronto in 
on springs made from the finest wires to bars of teel at Sheffield University. He then spent a 1929. He studied at the University of Toronto, 
ip to 21m. dia. In addition to work on springs subbatical year at the London Bible College, »btaining the degree of B.A.Sc. in engineering 
and torsi¢ bars, research will be possible is a result of which he gained the Diploma in physics in 1952 and the deyree M.A.Se. in 
on materials in wire and strip form. Metal (Theology of London University. After a metallurgy the following vear. He was awarded 
lurgical research will also be undertaken on a short time at Wednesbury Technical College, doctorate in metallurgy in 1955. Dr Tillet 
very vide range { ferrous and non-ferrous he went to Loughborough College of Tech } ved Westinghouse in 1955 to ntinue h 
pee ye nology in 1952 to take charge of the teaching thesis work on solidification. He is at present 
\ major feature of the new buildings will be of metallurgy to engineering students He heading a group working to develop a quant 
a comprehensive electroplating laboratory, took up his present appointment in 1958 in tative understanding o tt t mena 
which has been presented to the C.5.F.R.O. by wder to gain further industrial experience. associated with freezir 


W. Canning and Co. Ltd., of Birming 


lating laboratory will enable 





im. 
The new electrop 
further work to be done in the field of hydro 


The effect of non-metallic coatings on 
fatigue life is bemg studied. So far tensile 
hardness, abrasion, and corrosion tests have 
been ce sed r thin films and carried out on 


thirteen different resin and plastic protective 





materials I} research programme for this 
ur mnichiuc work t determine the 
influence of tvpe of material, heat-treatment 
nd surface finish on the fatigue lif f heav 
jut pr 
Industrial publications received 
Bulletin 307 fron Acme Conveyors Ltd 
deals with the ipplication of controlled 
vibration to conveyor 
Th high-precision cylindrical grinding 
» model 1212 is the subject of a new 


list 255) from A. A. Jones and Ship- 





J. L. Aston B. L. Biggs W. A. Tiller 





Ww. ¢ | ind Co. Ltd. have issued a 
EW cupola. a BRITISH IRON AND STEEL INDUSTRY 
emissions from cupolas (publication 79 


Publication 46 from Keith Blackman Ltd. is TR ANSLATION SERVICE 


devoted to their Series TF fabric-type dust 























enilestors The following translations are now available, 1292. KuLBaTscuny, I. G Cutting Force 
A folder from the Morgan Crucible Co. Ltd. in addition to those given on page 300 of the and Energy with Parallel Blades 
concerns the care and use of crucibles July, 1959 issue of the Journal: from Mechanic al Equipment for 
Publication No, 321 from Electrothermal 1176. WInTERKAMP, H Production of Hot Rolling Mills,” pp. 782-788 a Nae Jee pe 
Engineering Ltd. describes armoured heaters Rolled Wide Strip with Particular - hasiacion, pul lished | VI B Verlas 
for preheating and stress-relieving of welds and Reference to the Steckel Mill.’ Stahl u. Pec nnik, Berlin, 1954 of aa ——— 
other forms of heat-treatment. Also of interest Eisen, 1954, Nov. 4th, pp. 1492-1502 aida Russian bo ~~ 1946 4 £2 5s. Od 
is their publication No. 326, which deals with £6 5a. Od.) 1293. Ibid. pp. 803-817 Rotar _ Shears lor 
the Flexible Furnace,” a flexible surface 1186. Zinov’ev, N. V.: “ Results of a Discus = Longitudin {Cutting ng a. 
heater for temperatures up to 1 000° C. sion on the Quality of Ingot Moulds 1298. Banpow, K., and K "an \ 
Recent literature from the Morgan Crucible Stal’, 1958, Nov., pp 1046-1055 Contribution on we oxidation and De 
Co. Ltd. includes brochures on Morganite (£6 15s. Od.) sulphurizat on in the C ayn la Furnas . 
carbon brushes, Morganite unit-type seals, 1226. Wintiumer, T.-K.: “‘ The Principal Im Gresseret, 1958, July 17th, pp. 409-417. 
the Birlec-Morgan electric die-casting furnace purities in Pig Lron and Their Chemical ‘ a0 98. UE - . ' 
type E.D.F. Mk. IL), and the Morgan oil-fired Determination.” Arch. Eisenhit., 1958, 1300. Rauscu, W The Chemical Surface 
basin tilting furnace (type BT, Mk. II Mar., pp. 164 £3 5a. Od rreatment of Steel Strip to give . 
Thompson L’Hospied and Co. Ltd. have 1243. Potasek, J., and E. Zevinka: rhe ‘etter Protection against Corrosion, 
red illustrated folders on Duraspun centri Planning of Transport in Lron and Steel Greater Adhesive Strength of Coating 
fugal castings and heat-resisting castings. W orks.” Hutnicke lasty (Prague), and Form ei Ins ating Layer . 
Electric box-type furnaces are the subject 1958, July, pp. 626-631. (£5 15s. Od.) Stahl - 1959, March 19th, 
of put lication no RF.1/59 fron toyce 1256. Wickr, E., et al Reduction of Fine oe pp. 349 7 
Electric Furnaces Ltd . Ores in Two Stages by Carbon Monoxide 1304. GEL'MAN, A. 5S., et al., Phe Electro- 
The range of British-built Cincinnatti CO-C-—Lron Process).”’ Stahl u. Eisen, ae Welding os Hydraulic Turbine 
guillotine shears are shown in a new 12-page 1959, Feb. 5th, pp. 129-134. (£4 10s. Od.) Pen ‘ ern ‘ — I op ell Svar 4 hn . 
atalogue from the Cincinnatti Shaper Co 1277. Matuacw, W.: ‘The Sulphurie Acid < Ls er  2VOS, Sept., pp. 0-06 
Ltd Regeneration Plant in the Acid Circuit m <calbe aeitiggy . 
of a Wire Pickling Shop.” Draht, 1958, 1308. 1 naeR . c.. ind SS aX KAVERIN 
L. : ps £8, Sept., pp. 335-342. (£6 10s. Od.) : xinieiinient, 5 ermination 
Changes of address e719. Nevaceaun. 3 emcees Wits f the Structure of ron Carbide Fey 
The offic of Dorr-Oliver ¢ Ltd., for Resistance of Dies by Treatment with Kristallografiya, 1956, (1), pp. 66-72 
erl t Abford H ‘ Wiltor Road, Colloidal Graphite Fertiqungstechnik, i4 
London S.W.1, and the Mechanical Engineer 1956, July, pp. 321-323. (£3 1311. Smirnov, V. S The Deformation 
ing Div n, formerly at 21-22 Manor Mount, 1282. Gacixn, 8. D.: The Efficiency of : ss in Cross Rolling Stal’, 1947 
London &.1 23, have n ed to Norfol Klectric Steel Production by the Duplex June, pp. 511-518 L7 
House, Welles R i, Crovdon, Surrey Method of Oxyger Converter and 1351. Mise, S., et al Metal Flow in Oblique 
MUNicIpal 24488 The laborator remains Kleetric Furnace Kislorod (Moscow), tolling Sumitomo Metals, 1957, July, 
at 21-22 Manor M nt, London 8.b.23 1957, (6), pp. 1-11 £4 pp. 143-157 £10 
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BLAST-FURNACE PRACTICE outlined and a detailed description of the Hagane, 1958, 44, Apr., 461-466 Si addi 
AND PRODUCTION OF PIG IRON development by Dinglerwerke of blast heating tions, in the higher range, improve desul 
: : equipme h automatic control is given ymhurization by Mn but P has the reverse 

Oxygen in Iron Production. R. Durrer. og sorsrcndba , given has tl 
Roll’schen Werkzeit., 1958, 29, Nov., 147 Problems Involved in Heating Materials effect; both effects are negligible ow 2%, 


| 
in Shaft Furnaces with a Layered Arrangement. and hence the desulphurization of B.F. iron 


9 The inetio of con ed am free 
seek ie P gens eae of com aapendlgp < S. Vavilov. : Doklady A.N., 1958, 121, depends wholly on carbon saturation The 
possibilities of oxygen enrichment in iron and 5), 845-847). Various methods of heating effects are ascribed to changes in the act vity 
steel manufacture are outlined granular ores or other materials in shaft coeff. of S in the melts he effect of S on 
Working Blast Furnaces with a High Top gee es ese a _—_ —— the —_ ibility = min } 6 si — ( P 
- Bs a evin { uspender ayer, Arie (0) Bus pende is iscussed > relerences 
arg Rg yg nll Mg Ny ~ fluidized layer. A_ spec _ shaft furnace Studies on the Desulphurieation of Molten 
Stal’, 1958. (11), 964-968), An average COBtaining four diaphrag is described Pig Iron by Manganese. II. Effect of Si and 
increase in output of 1-9% was obtained for The Reduction of ron “Ore Lumps. S. P on Mn-S Equilibrium in C-saturated Molten 
every increase of 0-1 atm, in the range 1-1-5 Shono. (Tetsu to Hagane, 1958, 44, Mar., Tron—-2. K. Sano and M Inouye. (Teteu 
earn, A velatiue- wedantinn ti An one cole 2499-300 Graphs of reduction against time to Hagane, 1958, 44, May, 541-546 Cf 
also increased productivity. The main factor are given for 19 ores, and reducibility index Ibid., 1958, Apr., 461. (13 references). 
in this reduction was the increase of blast #8 Plotted against indirect reduction ratio Measures for Improving the Blast Furnace 
temperature to 950-1000°. Variations in for results from two furnaces.—K. E. J. Gas Take-Off in the Mansfeld Smelting Works 
furnace conditions over this range of pressures Utilisation of Manganese in Ferro Man- “ Wilhelm Peck.” W. Kurtz. (Neue Hiitte, 
are described and operational factors associated ganese when Operating the Blast Furnace on 1958, 3, Dec., 711-720) 4 description is 
with the top charging gear are reviewed. yoy nl — a. A. N. ted’ko. given of improvements in the design and 
The Behaviour of Barium Sulphate in the ‘*"/¢ta!!vrg, 1958, (9), 7 10), A table of control equipment of the blast furnace mains 
Blast Furnace. Kk. Ebert and G. von Struve. operational data is given rhe rate of coke and washers of a system supplying blast 
(Neue Hiitte, 1958, 3, Nov., 676-682) The combustion depended on burden quality furnace gas to a power station 
results of the authors’ own experiments and "4 State of the furnace and was usually _ A Study on the Reaction of Desulphurisation. 
of an evaluation of industrial records are 1-6-1 3 t coke per m* furnace volume per K. Sawamura. (Tetsu to Hagane, 1958, . 
reported. Between  350-600° ( BaSO, is day. lhe coke charged per round was 2-8 Mar., 215-217) Changes in sulphur content 
more subject to pulverization than other 3-2 t; the charging sequence is given. Man- of pig iron with time at temperatures of 1450°, 
constituents of the burden. Above 600°C  #@nese losses are discussed and slag ratio 1480°, 1500° and 1550° C are shown. The 
it is reduced to BaS, which passes into the over the period Mar.- Nov. 1957 is traced. order of the rate - aagaaagg reaction is con- 
slag, whose viscosity is slightly reduced Industrial and Economical Progress in the sidered theoretically.k. 1 
accordingly. The BaSO, content of the ore Low Shaft Furnace Process at the VEB West A Study on Centre- Renee Deoxidation. 
should not exceed the SA content bia Steel Works at CALBE (Saale). W. Schilling QO. Otu Tetsu to Hagane, 1958, 44, Mar., 
Blast Furnace Operation with a Top- Gas and D. Reimann. (Neue Hiitte, 1958, 8, 264-266 K.E.J 
Analysis Meter. II. K. Yasuda. (Tetsu to Nov., 683-689 The only raw materials Investigations of the Equilibrium between 
Hagane, 1958, 44, Mar., 274-276). Continuous used are those that cannot be economically Dolomite, Iron (II) Oxide Slags and Iron Melts. 
CO, recording shows conditions of hanging, exploited in blast furnaces. Details are given W. A. Fischer and H. Spitzer. (Arch. 
slipping and channelling. Relationships are Of structural alterations made to the low- Kisenh., 1958, 29, Oct., 611-617). The O, 
shown between CO, in top gas and iron shaft furnaces to increase capacity. Mea- solubility, equilibrium slag compositions and 
analysis, and between furnace conditions, sures taken to lower production costs of sulphur distribution was investigated in C-free 
CO, in the yes gas and iron analysis. There foundry pig iron are enumerated. The re iron melts in a dolomite crucible, for the 
is a good negative correlation between blast search programme on the process is set out. temperature range 1530-1700" ¢ 
volume and CO, in the top gas.—K. FE. J. Recent Developments of the Hoganas Pro- The Use of Natural Gases in the Reduction 
A Model Experiment on Permeability of cess. A.C. Lopes. (Eng. Min. e Met., 1958, Of Iron Ores. H. Galluser. (Blast Furn. 
Blast permease Burdens. K. Ono. Tetsu 28, Aug., 79-81). [In Portuguese]. The use ‘Steel Plant, 1958, 46, Dee., 1301-1302). 
to Hagane, 1958, 44, Mar., 278-279). Rela- of sponge iron for steel-making is discussed Results of trials carried out by Lurgi 
tionships are shown between pressure loss and and details of a modern Hoganas plant are Ges. fur Chemie und Hittenwesen in con- 
height of bed, index of tlow rate and Reynolds deseribed. Detailed comparative costing is junction with Ateliers des Charmilles have 
No., and race-way factor and penetration included with a view to assessing the merits shown that iron ores can be profitably con- 
factor on the model furnace K. EB. J. of using the process in Brazil P. Ss. verted into iron by means of natural gas. 
On Humidity Control Operation for Blast Hot-Metal Pre-Treating Tower. Siliconand 4" outline of the process and a cormparison 
Furnace. Y. logino. Tetsu to Hagane, Carbon Removal. J. M. Gains and D. C. of costs with blast furnace practice is given, 
1958, 44, Mar., 279-281 Results show that Hilts Iron Coal Trades Rev., 1958, 177, The Rate of Reduction of iron Oxide with 
increase in humidity in the blast (in the Nov. 14, 1173-1174 \ tower in which pig- Hydrogen. L. von Bogdand und) =H.-G 
range 8-8-15-2 g/m’) leads to lower output, iron can be dispersed in droplets and dropped tiecke irch Eisenh r., 1958, 29, Oct., 603 
increased coke rate and reduced ore coke though oxygen is described. 609 Iron oxide pellets were reduced at 
ratio.—K. E Studies on the Desulphurisation of Molten 600-900° C in a current of H rhe rate of 
Fittings for Blast Furnace Blast Heaters. Pig Iron by Manganese. II. Effect of Si and = reduction was examined in relation to ten 
K. Meyer. (Demag Nachr., 1958, (153), 22 Mn S§ Equilibrium in C-saturated Molten Iron. perature and the size of the pellets, and was 
26 The advantages of preheated blast are IL kK Sano and M Inouye (Tetsu to related to the porosity of the material. 
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Further Experience with the Kaldo Process. Lapol ily, 336-338 The authors is still considered to possess certain inherent 
B. Kalling and F. Johanssen. JIST, 1959, lescribe the application of suspended steel advantages particularly when oxygen is used 
192, Aug., 330-338). [This issue form-panels in the building of O.H. furnaces, in it. A 

and dicusses the advantages of this method Record- Breaking Open Hearth Furnace. 
PRODUCTION OF STEEL Heat Input of the Open Hearth Furnace Brit. Steel., 1958, 24, Oct., 316-317 Some 
: during Fettling. G. P. Peichev and N. 8. details are given of the design, and operation 

Some Consideration on Bessemerizing. Y. Kormilitayn. (Stal’, 1958, 11), 993 Atthe of the Ajax tilting furnace I 
Nagano Tetsu to Hagane, 1958 4, ar., Kuznetsk Plant great a a ag mntrol Frodingham branch of Unite 
227-229) Comparisons between the normal the thermal conditions during all the periods Ltd., which recently produc 
and oxygen process are given for decarburizing of the heat so that during fettling the heat steel d uring a four-we i 
rate, the relationship between [( » and input in large furnaces is 24 10°cal/h and ** Ajax” Open- Hearth "Semmes at Appleby- 
(XSFeO)%, the relationship between bath in small furnaces 20 10°cal./h. At Magni Frodingham. Tilting Unit Redesigned for 
temp. and refining time and the rel tionship togorsk instructions are to lower by one half Oxygen Refining. Iron Coal Trades Rev., 
between time —_— finish of oxygen injection or three-quarters the total draught during 1958, 177, Sept. 19, 683-684 
and A{C}% fettling. This is important for comparatively Oxygen Increases Open Hearth Output. 

Automatic Control of Basic Converter Heats. long fettling periods. Under the best con Metallurgia, 1958, 58, Oct., 195-196). A 
K. E. Mayer, H. Kniippel, A. Stumpf and W. ditions at these plnnte fettling does not usually description of the full-scale trials at Scun- 
~ ae h. (*Stahl Eisen, 1958, 78, Nov. 3, last longer than 20-25 min, but in many thorpe of the use of O, in the modified Ajax 
1670-1676 The authors analyse the indi plants it takes 40-50 min R : tilting O.H. furnace Det t ils of the modi- 
dual operations involved in the blowing of Contribution to the Study of the Firing of the fications to the furn 8 ire given 
basic converters and point out the insuffici- Qpen Hearth Furnace. L. Septiet Publ. Oxygen Lancing Trials on ‘OH. Furnace. 
encies of the human element in deducing the IRSID, 1958, Series A, (184), Sept pp. 71 Refract. . 1958, 34, Oct., 467-470 Trials 
required information from a great number of It is shown that a simple cak ‘lation can be by the — pleby Frodingham Co. are described 
individual data in the very short time available used to separate the individual factors con and modifications made t« 1 350-t tilting 
for putting decisions into effect, i.e. they stress tributing to the thermal output of the O.H. furnace are discussed with their effects on 
the advantages of automatic control and dis- furnace, [The combustion reactions are r »of wear, refractories, gas cl ning and instru 
cuss the requirements of an automatic plant. studied, heat peomgaeans m, heat exchange ment n 
Such a plant is being built at the Dortmund — — ds of firing are discussed and r wc a Firing Rates in Open Hearth 
Hoérder Hittenunion at <r ind. The lay- nparer Furnaces. bk. T.W. Bai Iron Steel Eng., 
out of the plant is describex r.G ‘Grid ll Firing of Open-Hearth Furnaces. 1958, 35, Oct., 124 128 An account is 

Gas Flow in the Top- om Converter. U. Becher and H.-J. Tischendorf. (Neue given of steps taken to increase firing rates in 
H. A. Hasimoto (Tetsu to Hagane, 1958, Hiitte, 1958, 3, Dee., 746-752). An account an O.H. plant of the Steel Co. of Canada Ltd. 
44, Mar., 222-223 Model studies are re- is given of an investigation of the possibilities These are in chronological order from im- 
ported; the contents of the ~— aga converter of using grid gas for firing O.H. furnaces in a proved charging capacity to checker, blower 
are mercury and water.—k. } plant to be put into operation in Eastern and burner improvements, instrumentation 

The Final Composition of Metal and Slag Germany. Firing with a mixture of grid and increased fan capacit} 
from the Basic Converter. F. Weber, T gas from lignite and blast furnace gas was Carbon Black in Fuel Oil for Open Hearth 
Kootz, and K. H. Obst. (*Stahl Eisen, 1958, found to be more efficient than producer gas F ( W. Tesk Iron Steel 
7 ‘ on” ehee oe a urnaces. . ey, jun. ron é 
78, Nov. 27, 1734-1745) Phosphorus con- The low sulphur content of the mixed gas is a Eng 1958 35 Oct vy ya Trials are 
tent and distribution between metal and slag further advantage from the point of view of as amctbed shawie y tg iitentainada’ “ence 
have been studied for basic converter heats. steel quality. ment in produc cova kata i ww adie 4 a a 
The studies were extended to oxygen content Characteristics and Effect of Additional jini to Dual intetase consists of 660%. each 
and to the effect of limestone on both pro- ar Oil Firing in 100-ton Open-Hearth Fur- of oi] and natural gas ; as 
cesses. The relationships occurring in the paces. F. Schafer. (Neue Hiitte, 1958, 8, rae ee , 
system FeO-CaO-P,O, are pointed out, the Noy. 689-694). Theoretical studies’ of The Use of Radio-Isotopes for Study of the 


effect of particle size of the limestone on changes in flame characteristics support Kinetics of Scrap Melting and Slag Formation 
manganese slagging is described and the experiments on the action of additional tar © the Scrap-Ore Process. A. 1. Osipov, 











effect of sulphur discussed The results oil firing Proper application of the practice L. A. Shvartsn “" V. 1. Al ao" J . Surov, 
of the elaborate studies are presented in to large O.H. furnaces may increase output M. L. Sazonov, M. _S.A lelesov, 
many graphs and tables and the experience by 10° and more.—t. J. 1 ae Skre a )fenge id ” L. G. 
184 dust l applications of the above g Goldshtein an sviridenk« tomnaya 
— ogre he gy — pi The Oxidation Mechanism i in the Open Hearth = fepergiya, 1957, 1193-1197). Melta in 130- 
- edgy . Furnace. A. . Hodge (Iron Steel Eng., Ort) ¢ oe Rey er ae oe 
The Erection and Operation of the New 1958, 35. Fl ‘07 100). nae ego tg ond 35 t O.H furnac vere ex oI . 1 using 
Oxygen- Converter Works in Yawata. TT. jo is alan ite Tr Se pacha esas whic ns does not 
sm 1s discussed, with particular reference to Baas yeseigiee eee 
Uchiyams (Tetsu to Hagane, 1958, 44, rege aioe : , f Bs ities oxidize ig. 8 
Mar 994. 995 = 3 he comparative actions of ore and oxygen, added to pig iron in the mixer and by sampling 
y — when used in O.H. furnaces working at differ- 


The Sestustion “of Various Qualities of 
Steel in Basic Converters with Top Blowing 
with Oxygen. 8S. I. Lifshits. (Stal’, 1958, 
(11), 979-983). Kimming steel for dee p 


the rate of scrap mit Iting was found and an 
equation de velop 
studied using Ca 
treated and an 


ent rates 
Operation of the New Open Hearth Furnace 
in Kawasaki Iron Works, Nippon Kokan Ltd. 


nation was 
data were similarly 
n derived for the 


























. : J. Shiromatsu. T'ctsu to Hagane, 1958, ¢ oo 

drawing and killed steel for crane rails equal 44, Mar 39.993) «5 5.3. kinetics of slag pro 
in mechanical properties to O.H. steel were Aged ily Light Weight Ladle Crone Trolleys Allow 
produced. Further work on sulphur removal Mixing Steel in Open Hearth Furnaces by arger Open Hearth Heats. F. ©. Schoen. 
is needed before a wider variety of steels can Means of Rotating Magnetic Fields. (. A.  (jron Steel Eng., 1958, 35. Sept., 107-114). 
be produced Steelmaking data are given for Ostroumov. (*Stal’, 1958, (11), 999-1002). A By re-designing the crane trolley of a 150-t. 
the production by Sep blowing of steel for Totating magnetic field such as is used in are hoist, its weight was reduced sufficiently to 
seamless tubes R. furnaces 18 su Ieee sted. This was used in permit the weight of metal tapped to increase 

Balance of an Experimental Converter on ‘got moulds 20 years ago. Calculations from 130 to 140-t. The trolley was made 
Oxygen Blast. P. Ya. Sorokin. (Stal’, 1958, are given showing that the process is quite up of ur consisting of weldments and low- 
(11), 987-992 Material and heat balances les sible. all Full mecha: 1 details are 
show that about 24% of the heat is lost by Temperature Content in Open Heaath Fur- given 
volatilization of slag-forming elements. The maces. ©. Kh listrom. (Ing. e. Jndt Desulphurization of Iron and Steel. S. L. 
excess of heat which is characteristic of the 1958, Apr., 89 02) A discussion and com- Gertsman. (foundry, 1958, 86, Aug., 48-53). 
process must be used for melting scrap and parison of three methods of controlling O.H. Phis is a comprehensive review of the methods 
reducing ore Dilution of the blast by waste roo! temperature. used and the principles involved in the desul- 
gases or steam to reduce local high tempera- Study on the Reasonable Utilization of  hurization of iron and_ ste For iron, 
tures was found to be inadvisabl R.S Oxygen for O.H. Furnaces. ms Kai. . Tetsu CaO, CaCN,, CaC,, soda ash or NaOH is 

An Examination of the Simultaneous For- “? Hayane, 1958, 44, Mar., 225-227). Graphi- ced, whereas for steel, Mg or 50:50 Al-Mg 
mation of Droplet Nuclei and the Growth of ©! relationships are sh wn between the oxy on alloy are employed, the latter by lancing 
Droplets, Illustrated by the Example of the te and the output. Statistical relationships jy, ‘the furnace using an inert carrier gas 
Formation of Dust in the Pneumatic Steel ®® given between fuel consumption, charge and the alloy in fine powder form. The 
Refining Process. L. von Bogdandy. (*Zeit to-tap time and ore consumption for four operation takes 5 sec. and sulphur levels as 
schrift fir Electrochemie, 1957, 61, (1), 222 levels of OXY Rt nD usage including zero low as 0-010 were obtained r.G 
226 An equation for nucle othe axl droplet Temperature Distribution in Liquid Steel Steel Plant Installs Cupolas. Steel, 1958, 
growth in condensing vapour is derived, and im the Basic Open-Hearth Furnaces. T. 443 ept. 29, 97 At the Riverdale 
the diameters are related to carrier gas tem 24) 24m, Tetsu to Hagane, 1958, 44, Mar., Steel Plant two ye are being built to 
erature vanriatior The basic — ier con- K. E. J provide hot metal for oxygen converters. 
a is taken as an example and for moderat Some Studies on Automatic Reversal of Ihe cupolas have a hearth diameter of 114 ~ a 
degrees of supersaturation the equation is the Open Hearth Furnace. T. Ots ik@. automated charging, high top pressure, and 
shown to apply. Conditions for increasing (Tetsu to Hagane, 1958, 44, Mar., 231-232). operate on hot blast delivered by a split wind 
the size so that removal was greatly facilitated Will the Big Demand for Oxygen Come from system ; 
were obtained Openhearths. J.J. Obrzut. (/ron Age, 1958, Hot-Blasi Cupola Finds Place in Steelworks. 

Application of Suspended Steel Form- 182, Sept. 11, 172-174). The effect of such J. Metals, 1958, , Sept., 596-598). A 
Panels in the Building of Open- meorth Furn- processes as the top-blown converter on the summary of articles which have appeared in 


aces. F. Hammer and A. zeke. Koh. future of the O.H. is discussed. The O.H. the German technical press on the use of the 
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hot-blast cupola in supplying hot metal to 
O.H. plants and LD converters, and as a unit 
for smelting up to 10% iron ore and Krupp- 
Renn pellets. 

Electric Arc Furnaces. ©.W.Vokac. (Ing. 
e Indust., 1958, 26, Jan.-Feb., 53-55, 72). 
An account of the method of balancing 
power loads to several are furnaces. 

New Furnaces Speed mnt | of Super omnes. 
W.E. Shissler. (/ron Age, 1958, 182, July 3, 
70-71). A system installed by the Baldwin- 
Lima-Hamilton Corp. Pa. is described. 

Oxygen in Electric Furnace Benefits Pro- 
ducer and User. (Steel, 1958, 143, Nov. 24, 
108-112). The advantages of oxygen re- 
fining over ore refining for electric-furnace 
heats are pointed out. For the producer, 
oxygen blowing gives positive decarburization 
control and saves materials, power and re- 
fining time; for the user it gives a cleaner steel 
with better fluidity.—p. L. c. P. 

Supplying and Installing an Arc Melting 
Furnace in India. L. G. N. Edwards. (Jron 
Steel Rev., 1958, 2, July, 131-136). An out- 
line of design and accessories adapted to 
conditions in India is given. 


Lighting Flicker Caused by Electric Arc 


Furnaces. W. KE. Schwabe. (Jron Steel 
Eng., 1958, 35, Aug., 93-99; discussion 99- 
100). Erratic changes of are length occur 


during meltdown due to collapsing scrap, 
and “ cyclic flicker ’’ occurs due to dislocation 
of the are in conjunction with hydrodynamic 
conditions of the melt near the ares. The 
effect of arc current fluctuations on the line 
network is described, and the influence of the 
latter on the performance of light bulbs dis- 
cussed. The effect of furnace and electrode 
design on flicker is dealt with.——-1. D. H. 


Trends in Ingot Buggy Design. H. G. 
Frostick. Iron Steel Eng., 1958, 35, Oct., 
78-83; discussion 83-86). Factors intluencing 


the design and possible future development 
of ingot chariots are discussed. 

Some Experiments with Steel Ingot ‘ Hot 
Tops.” M. E. Harnish and M. C. McQuarrie. 
(Amer. Ceram. Soc. Bull., 1958, Aug., 357-360). 
Small and large scale tests were made and 
an expression to be used in hot top design is 
deduced. Heat loss by radiation amounts to 
35°, or more and it can be stopped by placing 
a cover over the hot top. Wall thickness has 
a@ minor and porosity a major effect on cooling 
characteristics. The optimum ratio of height 
to diameter is not constant but varies with 
size and shape of the mould for which the hot 
top is to be designed. 

Hot Top Practice at Lukens Steel. KR. L. 
Bunting, jun. (J. Metals, 1958, 10, Aug., 
525-526). Lukens Steel use reinforced cement 
hot tops for all hot-topping where the height 
of the ingot is more than 12 in. from the mould 
top. The technique of setting the cement in 
moulds is described, with details of the method 
of using the hot tops, and their advantages. 

Automatic Pouring Ups Yield. (Stce/, 1958, 
143, Aug. 4, 104, 106). The system of auto- 
matic pouring control designed by the Repub- 
lic Steel Corporation is described. Strain 
gauges measure the weight of metal and actuate 
a hydraulic-electric device for closing the 
stopper.-—A. G. 

Casting Pit Practice. G. R. Bashforth. 
(Sheet Metal Ind., 1958, 35, Oct., 782-791). 


This is the first of a series on the correlation of 


theory and practice in rolling. It considers 
the casting of steel, ingot solidification, cracks, 
piping, segregation, blowholes surface defects 
and inclusions and attempts to relate these 
to turning practice and other operations. 
Flow Patterns in Regenerators. M. Sirnada. 
(Tetsu to Hagane, 1958, 44, Mar., 229-231). 
Models are used to explore flow patterns, 
and to determine the relationship between 
flow distribution and hydraulic resistance as 
the position of the checkerwork and the area 
of checker opening are varied.—k. E. J. 
Behaviour of Gases and Non-metallic 
Inclusions in Liquid Steel during the Basic 


Open Hearth Process. M. Nakamura. (Tetsu 
to Hagane, 1958, 44, Mar., 233-235). For 
various grades of steel (analyses given), 


relationships are shown between carbon and 
oxygen content at the refining period, oxygen 
and the rate of carbon removal, oxygen 


AUGUST, 1959 


ABSTRACTS 


contents before Mn addition and tapping and 
the percentage of rejected ingots, 
of N, content at tapping and the percentage 
rejected, and the non a inclusions and 
the stage after tapping J 

Studies on the Kinetics of Steel-making 
Reactions. On the Process of Growth of CO 
Bubbles in Liquid Iron. K. Niwa. (Tetsu to 
Hagane, 1958, 44, Mar., 221-222).—x. F. J. 

Study on the Sampling Method for Molten 
Steel in Oxygen Analysis. I. Distribution of 
a ore in the Open-Hearth tage = Bath. 

Nokagawa. (Tetsu to Hagane, 1958, 44, 
Mar., 251-253). Kesults are given for the 
variation in oxygen content along and down 
the bath during the oxidizing and 
periods.-—K. E. J. 

Austenitic Grain-size Control of Medium- 
carbon and Carburizing Steels. Bb. L. Biggs 
(JIS/, 1959, 192, Aug., 361-377). [This issue]. 

Heat Resistant Loader Banks Furnace Door. 
(Iron Steel Eng., 1958, 35, Nov., 142). A 
tractor shovel oe by Granite City Steel Co. 
to bank the doors of its O.H. furnaces with 
dolomite is designed to operate rapidly 
enough to withstand the high temperatures 
involved. 

Development of Electric Arc Furnaces Used 
for Steel Making. L. Szike. (Koh. Lapok, 
1958, 18, Sept., 427-433). The author re- 
views the development and present state of 
electric arc furnaces and describes some up-to- 
date techniques in steelmaking, slag 
reaction (Perrin and Coli methods), induction 
stirring, CaC, injection, use of oxygen in the 
rehining pe riod, and vacuum casting. P. K. 

Fundamental Investigation of Bed-Linings 
of Basic Héroult Furnaces. JT. Nishimura. 
(Tetsu to Hagane, 1958, 44, Mar., 245-247). 
Chemical compositions are given for three 


increase 


refining 


such as: 


types of lining block, and micro-structures of 


portions of these after service are discussed. 
The chemical compositions of slag materials 
and magnesia and bricks are 
given.—k. F. 

Bath Tomperntare ag pate, in the 


chrome also 


Electric Arc Furnace. Yoshinari. (Tetsu 
to Hagane, 1958, 44, Mar. 243 245). Thermal 
e.m.f. characteristics are given for Pt—6°, Rh 


Pt-30% Rh, Ir Ir/60% Rh, Pt/20%Rh — 
Pt/40% Rh, Pr 13 and W-Mo couples, and 
com pared. Ty pic al bath temp. 
ments are tabulated K. B. 2, 
Steel Making in the Arc Furnace Without 
Using Scrap. G. Coll Gomez-Trevijano. 
Inst. Hierro Acero, 1958, 11, July-Sept., 
168-176). [In Spanish]. Details of the trials 
are given; the 2 t basic-lined furnace at Araya 
has now been in production, using 100% pig 
iron charges, Feb. 1958. CaO is 
charged first, the pig is melted down with 
maximum transformer potential and the melt 


measure- 


since 


worked with ore or iron oxide. The steel 
yield is always greater than the pig iron 
charged Economic and technical factors 


are explained.—t?. s. 

The Use of Argon when Producing Electric 
Steel. I. P. Zabaluev. (Séal’, 1958, (11), 
1004). To improve surface and macro- 
structure of ingots and reduce metal losses, 
A was introduced into the casting stream, 
at first directly into the mould through a 
‘spider’ 2-4 min before teeming and then 
through a central gate. Teeming began into 
generally unlubricated moulds as soon as the 
neutral atmosphe re wascreated. Ingots from 
1—-2-85 t were cast from 112 heats with marked 
improvement in structure and surface 


Items of Discussion on the Quality of _— 





Moulds. N. V. Zinov’ev. (*Stal’, 1958, (11) 
1047-1055). Present standards for “ cupola 
iron” ingot moulds are discussed with a 
view to introducing changes in structure, 


composition, armouring, inoculation and ser 
viee conditions. Standards for moulds of 
blast-furnace pig iron are being worked out. 
The use of semi-permanent moulds for casting 
ingot moulds and effects of C, Si, Mn, 8, and P 
are considered and a table of optimum com- 
positions is given. Recommendations for 
structure—-absence of cementite, pearlite and 
pearlite-ferrite and fine graphite in moulds 
that fail by crazing and ferrite-pearlite (50- 
80% ferrite) and medium and coarse graphite 


389 
for moulds that fail by cracking should be 
ensured 

Report of the Ingot Mold Sub-Committee 
of the Steel-Making Division. Tetsu to 
Haqgane, 1958, 44, May, 605-610) K.B. J. 

The Increase of Life of Ingot-Moulds. A. 


Kralik. Koh Lapok, Ontéde, 1958, 9, 
Sept., 205-215 The author investigated the 
main factors which influence the life of ingot- 
moulds, such a construction, use in steel 
work, and chemical composition From the 
results of the investigations the optimum 
conditions have been determined P. K. 


Non-Destructive Inspection of Stopper-Head 
Bricks, Its Results and Some Problems. 
I. Matsumura. Tetsu to Hagane, 1958, 44, 
Mar., 331-333) K. E. 

Damage of Stopper- Head Refractories. Y. 
Isono. (Tetsu to Hagane, 1958, 44, Mar., 
333-335) K.E 

Study on astheousie Compounds. I, II. 
K. Kakiuti. (TJ'etsu to Hagane, 1958, 44, 
Mar., 314-315; 315-316). Details are given 
of experiments designed to reduce segregation 
of C, P, 8, Mn and Si in billets using four 
types of exothermic compound (e.g. one 
containing CaSi,, mill and Mn0O,) 


Study on Exothermic Hot Topping of Ingots. 


scale 


Inoue. (Tetsu to Hagane, 1958, 44, Mar., 
309-312). Compositions and physical proper- 
ties of insulating fire bricks and fireclay 


bricks are compared, and compositions and 
exothermal qualities of Vallak Cake and Argen 
are given. Experimental hot-topping results 
are given for practices based on Vallak Cake, 
Argen and fireclay bricks.—x. J 
Study of an Exothermic Hot Top. The 
Foseco Feedex. 3%. Nishigori (J'etau to 
Hagane, 1958, 44, Mar., 312-314 K. B. J. 
6; Speed Photography of the Metal Stream. 
. Iin and B, Z. Kononov. (*Stal’, 1958, 
(11), 994-995). Interesting photographs of 
the metal stream from nozzle to mould are 
shown. The camera used is shown, it takes 
150-4000 frames/sec a retardation of 
the action of 10 to 500 times when shown. 
Hydrodynamics of Molten Steel at Teeming 
or Tapping. II. Y. Koike. (Tetsu to Ha- 
gane, 1958, 44, Mar., 260-262 tesults are 
given for the effects of length and shape of 
nozzle and of increase in diameter at the 
nozzle outlet on the “ safety-limit of stopper 
lift,’ viz. the minimum lift where dropwise 
flow changes to laminar flow at constant head. 
Recent Views on Solidification Processes in 
Steel Ingots and on Segregation. 3. Matusch 
ka. (Berg-Hiitten Monatsh., 1958, Jan., 1-12). 
The author dise lidification 
and segregation in vertical and horizontal 
directions. Shrinkage depends on corposi- 
tion, wal thickness, external influences 
and superheating Suitable solidification is 
achieved by rapid cooling, starting from the 
bottom of the ingot, slow cooling of the head, 
suitable ratio of diameter to length and by 
spontaneous crystallization.—R. P. 
Improvement in the Production of Ball 
Bearing Steel at Dneprospetstal. I. P. 
Zabaluev. (Stal’, 1958, (11), 1003). The 
metal is now heated towards the end of the 
boil, the temperature being raised 20-30° 
above t ipping temperature and refined under 
a carbide slag while power is gradually reduced 
to the furnace. 40-60 min are needed to 
form the slag and to hold the metal under it, 
the slag is then removed and the heat tapped 
under a white slag. Al (0-4 kg) is added 
2-3 min before tapping. Kefining lasts 2—2)h, 
but nevertheless oxide and sulphide inclusions 
are reduced. During the boil, not less than 
0-25°.C is removed without overheating and 
before flushing the oxidizing slag the metal 
should be at tapping temperature. Tapping 
under a high viscosity slag gives less inclusions 
than under a fiuid slag of similar composition. 


Solute Segregation during Ingot Solidification. 


Ziving 


cooling, 80 


18se8 


W. A. Tiller. (JST, 1959, 192, Aug., 338-350) 
[This issue} 
FOUNDRY PRACTICE 


George Fischer Automated Iron Foundry, I. 
Mechanized Moulding Matches Manual Skill. 
(Metalw. Prod., 1958, 102, Oct. 3, 1727-1732). 


Mould-making ‘pre cedure at the Schaffhausen 
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foundry is described. Automatic Casting 
Cuts Costs. (Oct. 10, 177] Pouring 
cooling and shake-out, sand hendting and the 
relation of design to production capacity are 


brietiy discussed. 

Simplex Electric Company’s Foundry in 
South Africa. F. 1). Nash Found. Trade 
J., 1958, 105, Aug. 21, 221-224). Recent 
extensions are described. 

Mechanization on a Modest Scale. J. Bain. 


(Brit. Found., 1958, 51, Aug., 387-392). 
The modernization of a small jobbing foundry 
with particular emphasis on 
mechanical handling. information is 
included on the selection and installation of 
roller conveyors.-—tT. ¢ 

_ Swiss Foundry Modernizes Melting Plant. 

Frey (Foundry, 1958, 86, Sept., 56-61 
The modernization programme recently carried 
out in the melting department of the Zurich 
foundry of Wyss Ltd. is described 
Except for the largest castings, where 2 cold 
blast cupolas are used, all melting is done in 
electric Details of the plant are 
given 

The Common Sense of Cupola Operation. 
I Dibden Brit. Found., 1958, 51, Aug., 
399-401) fhe principles of design and opera 
tion of cupola furnaces are discussed and the 
reactions in the and their chemistry 
ex plained Air requirements, volume indica- 


is described 
Some 


Escher 


furnaces. 





furnace 


tion, wind-belt pressure, and the preparation 
of the sand bed, tap hole and slag hole are 
briefly dealt with T. G 


Automation of Cupola Charging and Stock- 
line Control with Use of Radioisotopes. ©. K. 
Miroshnichenko, A. G. Vasil’ev, V. I. Shcher 
bakov and D. A. Lur’e Lit. Proi 1957, 
(8), 14-15 \ ray absorption device using 
"Co 1s described which by means of relays 
turns on or off the charging equipment. 


From Conventional Lined Cupola to Lining- 
less Hot-Blast Cupola. F hy Lébbecke 
(Brit. Foundryman, 1958, 51, y, 331-342) 
The author describes the e xper rience gained in 
the development of the liningless cupola The 
liningless cupola is in fact usually lined with a 
protective coating of | in thickness, this soon 
changes into a coating—about }—§ in. thick 
of slag, iron and oxides and remains unchanged 


for years The melting process is, however, 
entirely different from that in a conventionally 
lined cupola and requires far greater blast 
velocities and volumes at the same blast 
temperature In addition, the tuyeres have 


to be tilted downwards. Design of the latest 

liningless cupolas is discussed.—-T. G 
Preventing Off-Analysis Meats Through 

Methods Improvement. { Gowing 


86, Nov., et 81). The 


process whereby an improve- 


(Foundry, 
adrainistrative 
ment of 60°, in rejects was secured is described. 

Sight-holes of Cupola Tuyeres. (J. d'Jnf. 
Tech Ind Fonderie, 1958, Aug., 4-10). 
Designs with two-position and three-position 
covers art with special 
to the prevention of explosions 

On Conditions in the Well in Cupola Opera- 
tion. M. Yohda. Nippon Kinzoku, 1958, 

, Jan., 33-35) The author has observed 
that operation the coke bed 
eventually floats on the molten metal and slag 
and the chemical reaction is principally one 
between metal 
metal and coke Gow 

The Effect of Size of Scrap on the Tapping 
a of a Cupola. N. H. Keyser and 

L. Kann, jun. Vod. Castings, 1958, 34, 

psig 5 64) Light, “ and a mixture 
of equal weights of these were melted in a 
54-in. diameter with a stack height 
of 22 ft and a metal charge of 2 000 Ib at 
constant blast rate The from light 
to heavy scrap lowered tapping temperatures 
by ~ 150° F with constant coke charge. The 
amount of coke needed to maintain tapping 
temperature is sh vn for these 
operati 

The Relationshi p between Blast Rate, Coke 
Charge, Melting Rate and Metal Temperature 
in the Cupola. (B.C.1.R.A. Bulletin, 1958, 
14, Sept., 482-491) \ review of 
and diagrams previo sly Sliugpe 
refs 


1058, 


discussed reference 


during cupola 


and slag rather than between 


cupola 


change 


conditions of 


formul» 


sted (13 
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Measurement of Blast in the Cupola and 
Sampling in the Melting Zone for Gas Analysis. 
J. Navarro Aleacer and J. A. Andres Jimenez 

Inst. Hierro Acero, 1958, 11, Jan.-Mar., 58 
64 In Spanish Details 
adopted tor these purposes are given. The 
f operation is: 1. determine the 
of the coke bed and add coke 
the required height 2 
sampler, which has a length equal to the cupola 
radius; 3. connect the blower and me 
the quantity of air; 4. analyse the g 
for CO, CO, and ©, and 5. prepare the bed of 
coke ready to recommence the cycle.—P. s. 

Cupola Grit and Dust Arresters. G. bh. 
Lunt. B.C 1.R.A.J., 1958, 7, Aug., 317-322). 
An account of of wet and dry 
dust and spark 
shown, and water systems, water consumption, 
corrosion and abrasion problems and settling 
tanks and circulating pumps are reviewed. 

, Controlling C, H., N, O in Steel ag 

. E. Van Voris (Mod. Castings, 

Oct., 28-30, 120 123) Foundry 
discussed and deoxidation and 


of the techniques 
cycie 0 height 
to bring it to 
introduce the gas 


asuUre 
y | 
as sample 


available types 


arresters is given. Costs ar 


prac tice 1s 
methods of 
ee out hydrogen and nitrogen and some 
of their effects are considered 

Duplezing Pays at Automotive Foundry. 
H \. Laforet and F. J. Webber Vod. 
Castings, 1958, 34, Oct., 37-40 
Motors, Pontiac Division grey iron foundry 
duplexing practice for cylinder iron is described 
and advantages are noted. 

Mercury-Arc Converters for Induction Heat- 
ing. I A. Cosh Found. Trade J., 1958, 
105, Sept. 4, 291-293). 

Carbon Arc and Induction Melting, A Com- 
parison. J. A. Edwards (fron Steel, 1958, 
31, Sept., 449-451). Relative merits of carbon 
are and induction melting are considered in 
relation to the design of the part to be cast 
relative cost, ease of control and versatility 

Metallurgical Treatment of Cast Iron in the 
a Furnace. B. Marincek. (Electro 
werme, 1958, 16, Oct., 354-365 The melting 
type of furnace are outlined 
effects of bath movement and 
of melting in air, of refractory design, less by 
oxidation, alloying and recarburation during 
melting and overheating; and treatments by 
additions of carbon, basic or tron oxide 
vowders and by Zas purging are 


General 


process and 
and then the 


contamuinyg 


discussed 

Engineering Aanatte of a +; ton Electric 
Melting Furnace. ©. Hides and J. B. Machin. 
(E.S.C. News, 1958, 12, Pomme 4-8). A 
Birlee furnace erected at Openshaw in Sept. 
is deseribed. 

Probe Key Melting Variables Find New 
Facts on Consumable Arc Remelting Under 
Vacuum. P. M. Unterweiser. (Iron Age, 


1958, 182, S« pt. 11, 165-168). Preliminary 
results are Prk. n of a laboratory investigation 
of the effects of current are voltage, stirring 


coil power, furnace pressure, crucible coolin 


trode 
type on the surface condition, micro-porosity, 


water temperature, ingot size and ele¢ 


grain structure and sulphur and manganese 
contents 


Gray free Chilling Practice. V. Pulsifer 


Foundry, 1958, Sept., 66-7 The 
rseults of an investigation to provide the 
miormation required to obtain a given depth 
of chilling for a given grey iron melt analysis 


are reported 

A New a ee Metal. W. R 
(Financial Times, 1958, Oct. 22, Supp. I 
A general account of snheroidal graphite 
iron. §.G@. Iron Develops Its Own Applica- 
tions. A. B ogpran st and J. D. Berry. (1 
General casting id machining properties are 
indicated 8.4. “ents Resistance to ok 
and Corrosion. A. B. Everest and J 
ferry (II Toughness and uses ote re = < 
is important are discussed. Meeting Special 
Demand for Rolls and Dies. (I! Power 
Plant Castings for Land, Sea and Air Uses. 
iI engines are briefly indicated. 
Combining the Virtues of Older Materials. 
H. Morrogh. (ITI Specifications are quoted 
and the range of physical properties obtainable 
are shown. Expanding Market in All Indus- 
trial Countries. (III). Various uses are 
yuoted. Equipping Foundries to Make §8.G. 
Iron. W. W. Braidwood [V) rhe use of 


{ ooper. 


cast 


ses in 


Mg-Ni alloy is described. Joint Work on 
Quality Control and Development. P. A. 
tussell. (1\ Buyers Guide. (IV). 
Commonsense of Cupola Operation. l. 
Dibde... (Eng. Foundryman, 1958, 24, Aug., 
74-76 Alexander Prize Paper \ general 
discussion on design and operation of a cupola 
\frican con- 
ditions, e.g. poor quality of the coke Tr. G. 
Blowing of the Cupola by Means of Centri- 
fugal Blowers. (/. d'inf. VTech. Indus. Fon- 
lerie, 1958, Feb., 21-25 An attempt 1s 
made to put the probler 
theoretical 


with special reference to South 


1 of blowing on a more 
basis rhe static, dynamic and 
total air pressure are treated theoretically 
and the loss of the charye is discussed R. P. 

Operation and Mietallurgy of the Basic 
Lined Cold Blast Cupola. IF. Varg h. 
Lapok, Ontéde, 1958, 9, Oct.-Nov., 235-242). 
The author compares the production of ingot 
mould material in basic lined cupolas with 
that in the acid lined cupola rhe higher cost 
of the former is balanced by the improved 
quality of moulds P. K 

The Present Stage in the Evolution of the 
Hot-Blast Cupola. (7'ecn. Indust., 1958, 36, 
Aug., 956--957). In Spanish An account 
of the Strico 
cupola developed at 





Cupodel experimental hot-blast 
Buderus Werke in Ger- 


many is given The basic aims of using up 
to 35‘ steel scrap, a metal temperature of 
1420 ¢ holding the carbon and_ silicon 


contents within limits of 0-05 and getting 
a pearlitic structure have been achieved. 
Operations so far have shown that the most 
important needs are to maintain blast tem- 
perature at about 500°C and slag thickness 
constant.-P. s 

Changing the Bottom Portions of the Cupola 
without Dismantling the Furnace. (. Bien- 
wald Giessere 1958, 45, Nov. 20, 722-723). 
Several possibilities of replacing the bottom 
zone of the cupola in changing over trom ¢ old 
to hot blast practice are outlined briefly. 

An Improvement to the System of the Self- 
Mixing (Cupola) Tapping Spout. (/. d'Inf. 
Tech. Indus. Fonderie, 1958, (100), 1-2 In 
the improvement described, a greater depth 
of metal is maintained in the spout, ) 
increase in carbon is obtained 

Cupola Grit and Dust Arresters. G. E. 
Lunt (Foundry Trade 1958, 105, Nov. 
27, 651-658, 660 \ comprehensive review 
of wet and dry equipment is given with full 
illustrations 

Central Supervision and Control of the Cupola 
Operation. A. Rexroth.  (Giesserei, 1959, 46, 
Jan. 1, 8-11 Phe equipment 
and operation of a control cabin in a cold- 
blast cupola plant is described 

Review of Cooling Water Systems for Cupolas. 

Longare ee Pensotti. leria Ital., 
1988, 7, Oct., 367-386) The paper gives a 
compre peered revit systems for 

operating 
detail and 

8 quanti 
ties of water required under different operating 
conditions, the behaviour of brickwork and 
furnace life. 35 References oo ee 

Accelerated Working of the Basic Héroult 
Furnace in a Steel Foundry. A. Mal Fond 
Belge., 1958, 28, Nov., 332-334). The pro- 
cedure described works under a single slag 
in a reducing atmosphere 
of the phosphorus 

Principles of a Magnetic Method for Con- 
trolling Casting Condition and Quality. A 





and some 


installation, 





w of « 
hot-blast cupolas Design and 


} 
ooling 


features are discussed in some 
information 18 given on such items 


without oxidation 


Karamara. (25th Internat. Foundry Congress, 
Liege and Brussels, 1958, 438-457 In 
German rests on grey cast iron. are 
described showing that residual stresses and 


exterior loading as well as alterations in 
structure all have marked effects on 
ability and coercivity. 

Nodular Cast Iron. F. Rodr 
. Munoz. inal Mec. Elect., 
July-Aug., 182-207 \ review is 
g the nucleati 
ment of nodular graphite. 

Spheroidal Graphitic Cast IronA New 
Material. K Werner and (¢ 
Schwersstechn., 


Atter 


manufacture and uses ot 


perme- 
guez-Yufera 
1958, 35, 
piven 


theories concernin ind develop- 


(zesany. 
1958, 12, Nov., 141-148). 
yutlining the properties, method of 


nodular cast ITON» 


AUGUST, 


1959 





this material is dis- 
under which satis 
made are laid down. 

Applications and Properties of Nodular 
Cast Iron. A. D. Main Inst. Brit. Found 
1ust., 1958, 9, 8% 101). The strength 
fatigue and wear tance of nodular iron 
are discussed as well as other properties 
Welding is briefly dealt with 

Chemical Composition and Graphite Sphe- 
roidization of ——— Pig Irons. |! oki 
Tetsu to Haga 1958, 44, Mar., 361-362 
Results are given for Japanese, Australian, 
Thai (charcoal), U.S., Chilean, Swedish and 
Brazilian irons K 

Acid-Resistant Silicon Nodular Cast Irons. 
T. Dumi Medeleanu, M. Nicolaid 
and I. Dinu. Rev. Met. (Bu 1958, 
3, (2), 19-27 fin English }. Inoculation 
with Mg facilitates the production of low ¢ 
material, reduces the gas content of the cast 
ings, and the of the 
machined surfaces, and resistance to corrosion, 
the last-named property extending to a lower 
Si content th obtained with 
lamellar graphite. 

Research on the Inoculation of Molten Iron. 
I. Relation between the Quality of Molten Iron 
and the Inoculation. M. Okamoto and R 
Yoda. Nippon Kinzok 1957, 21, Jan., 
18-22). Ca-Si is superior to Sias an inceulant 
in common (low C, low Si) iron, but is inade 
in strongly deoxidized, e.g. Mg-treated, 
Fine ilants are easily oxidized 
and usually are effective than 
however, fine Cr promotes graphitization 
Si allovs are effective with N-containing iron 
Orders of etfectiveness are for common iron 
Si-Al-T! A! CaS Si Al li; 
for high-N iron Si-Al Si- AL-Ti Al Si 

ri. IV. On the Inoculating Effect of Si-Al 
and Si-Al Ti Alloys on Spheroidal Graphite 
Iron. RK. Yoda. (June 370-374). With 
iron containing 0-5°,Mg allov, imoculants 
0:-2% in the order Si-Al-Ti 
Si- Al Si. Small amounts of 
or Al-Ti cause a greater shift 

iposition tow irds lower C contents 

Ihe order with iron treated (0+ 5% 
Mg,N, was Si-Al-Ti Si Si 
SiC. With Mg-treated allovs, Al 
Si—Al or Si—Al—Ti) must be 1%, 
the spheroidal graphite structure is destroyed 
(16 references).— kK. E. J. 

Investigation on Cast Iron Having Refined 
Graphite Produced by Melting Cast Iron 
Covered with Slag Containing TiO,.. X. Ex- 
perimental Investigation on the Behaviour of 
Titanium Contained in § H Cast Iron. M 
Tsuda. (Tetsu Hagane, 1958, 44, Mar., 
358--359).—-K. E 

Modification of ‘Cast Iron with Mg and Na 
Salts. (Lit. Proizv., 1958, (8), 21). A note 
taken from Fonderia, 1957, 6, (6) on practice 
at Allis-Chalmers. 

Developments in the Production of Malleable 
Cast Iron. FE. Chapo. (Koh. Lapok-Ontéde, 
1958, 9, Julv, 152-163) The author reviews 
the peer composition, mechanical proper 
ties, meltings, and heat treatment of malleable 
‘ast Iron in Hi ingary and elsewhere, 
ne the various melting 

Growth of Cast Iron in the Austenite Region. 
K. Nagaoka. (Tetsu to Hagane, 1958, 44, 
Mar., 362-365).—x. E. J. 


The Role of the Metallurgist in the Produc- 
tion and Usage of Austenitic Manganese Steel 
Castings. 13. Needleman. (J. S. Afr. Inst 
Min. Met., 1958, 59, Dec., 229-257). Com 
position, me ‘tallography, heat-treatment, cold 
working, effects of Si, S, P, Cr, Ni, Mo, V and 
Al, welding, machining, and casting are all 
outlined and structures are illustrated. Good 
control of casting temperature is essential and 
hardness is discussed. Grain size 
indicated by figure. 


Non-oxidising, Casting of Steels for Preven- 
tion of Sand Marks (Including Hair Line 
oe. K. Moriwaki. (Tetsu to Hagane, 

1958, 44, Mar., 326 Comparisons are 
between the non-oxidizing and conven 
tional casting processes; sand marks are 
lysed at several positions in several ingots. 


“ Nodular Cast Iron. Spheroidal Graphite, 
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Its Origin and Development. | 
Yufera Munoz (Inst. 

11, Mar., 1-23 
day ries of the nus 
nod 
discussed 


tion 


Rodr 
icero, 
In Spanish 


leation 


IZUuez 
15s, 
Present 
snd growth 

d cast irons are 
author suggests that 
tiy trom the 


wrro 
J in. 
the 
ilar graphit 
The 
originates direc 
scopic 
These dislocation 
isolated in the 
vapour of the inocul 
Frank-Read ime 
lops in the 
a dilute so 


© in moculat 
nuclea 
sub 
in the 
mono 


supersaturated 


micro 


impurities suspended liquid 


ontaining crystals, 
the 


ant, begin 


hiqu re | Db 
to grow by the 
nodule 
austenite mass which cé« 
lution to which the Frank theory 
is applicable 24 references P 
Spheroidisation of Graphite by Magnesium 
Additions to Cast Iron. A. Ya. Khrapov 
(Fiz. Met., 1958, 6, (2), 281-288 The 
tion between the surface tension of the ori 
ternperature remains 
within a wide but after the 
of metallic Mg it increases rapidly 
& maximum in 4-5 min only to deer 
thereafter. The of the experiments 
point to the conclusion that this high surface 
activity of Mg cast iron purified from surface 
active OXY and sulphur) is 
necessary precondition for the spheroidization 
of graphite.—-L. H 
Applications and Properties 
Cast Iron. A. 1). Main ( 
Aug. 9, Li, 23, 16, 317, 28; 21 
properties are given and casting 
are outlined and examples of are 
quoted to illustrate the onsidered 
Spheroidization of Cold-Worked Pearlite. 
A. H. Holtzman, J. C. Danko and R. D. Stout 
Trans Vet AIME, 1958, 212, Aug 
475-476) A metallographic investigation of 
the deformation characteristics pearlite 
showed that spheroidization commences in 
sli ip transverse to the lamella 
Formation of Ferrite and Pearlite in Cast 
Iron. © Ohira and K. kawa (Mod 
Castings, 1958, 34, Oct., 60-66). LTron-—carbon, 
Fe-C-Si and charcoal pig were 
Spec imens were 
tween ti 
and queng hed 
pearlite 


hanismr The deve 


mstitute 


rela 

ginal 
linear 
addition 


east iron and 
range, 
and reaches 
Hise 


results 


inpurities gen 


Nodular 
1958, 4, 
Typical 
properties 
castings 


of 


astings, 


properties « 


f 
ot 


areas of 


studied 
cooled from the melt to be 
and eutectoid te mperature 
At the eutectoid temperature 
nucleated by cementite 
precipitated after 
ferrite crystallized pres 
Pearlite formation was pron 
ferrite by Mn 

Relation between the Change in the Char- 
acteristics of Magnesium-treated Spheroidal 
Graphite Iron Caused by Remelting and the 
Behaviour of Residual Mg in Remelted Iron 
(lst Report). Results of Experiments. K 
Okabayashi Nippon Kinzoku, 1958, 22, 
Feb., 73-77 Changes in structure and 
rates of changes, are described with reference 
to the time and temperature melting 
2nd Report), Considerations. From 
a consideration of results reported in an earlier 
paper, it appears to the that the 
effective state f residual Mg in spheroidal 
graphite iron may be found as 
state in the spheroidal graphite domair 

History, Manufacture and Properties of 
Pearlitic Malleable Iron. M. Tilley oun 
dry, 1958, 86, Aug., 64-69 The author 
reviews briefly history, metallurgy and types, 
heat-treating methods, including effect of 
earbon stabilizers and high sulphur content, 
and properties of pearlitic malleable iron. 
Heat-treated Ductile Iron Offers Wide 
Property Range. ©. A. Anders Iron Age, 
1958, 182, Nov. 20, 102-104). A. brief 
discussion of grades and the properties 
tained by heat-treating 

Blackheart Malleable Foundry. (Jron Steel, 
1958, 31, Aug., 391-394). Extensions 
Shotton Bros. Ltd., Oldbury, are described 

Pearlitic Malleable Castings. ©. K. Hun 
saker *rod. Eng., 1958, 29, Sept., D7 
ASME paper The « ipola charge 
technique, annealing treatment 
sarlitic malleable 


iron 
eutec 
was which 
solidification; 
ipitated graphite 


oted by P or Sn, 


on cooling 


on 


of re 
(77-80 


authors 


an active 


ob 


for 


casting and 


properties of pr castings are 
briefly outlined 
Malleable fron Castings. 
mittee A-7 AS.T.M 
pp aemaenniniaie 
Modern Techniques of Production of Heavy 
Steel Castings. ©. J. Dadsweil (Brit 


A.S.T 


_ preprint, 


_M (‘om 
1958, 5), 


mact 


is revie 

I iropean t nee 

The Use of ‘Sethe Feeding Compounds 

the Production 
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nera ert rawit ! ot 
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51, 


ih 


of he eel Castings. |). H 
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Oct 


heads 


are 


ebior 
tan 


mall cast 


the 


design 1 


Burne 


specitied 
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Heat- and Corrosion-Resistant Alloy Castings 


of the U.S.A. ©. R. Sutton and G. F. Ge 
Ind R 

Alloy steels v 
Si, Mo or N are used, and the eff of thes 
alle addition re nside ! er 
perat ire pr " ti re t ilat nd note 


ile 


1058, 


158 475 


ting are 


on te 


ier 
Nat. Metallurgi Bu {is an 
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Investigation of Some New Zealané Sands 


for Foundry Moulding. T. | Scahil 
(N.Z.J.Sci., 1958, 1, June, 342 
Packing a of Ty pical Founér 


to 
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y 


Sands. L. J i Castings, 


1958, 34, A 3 j and fr 
densities and ygreer ti are iven f 
1] sands with and without b 


Testing. H niet 
86, Aug., 58 ho he 
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load expansion 
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load expansion 
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Controlling Costing Quality Through Sand 
1) / 1958, 


two 


Moulding Characteristics of Oyaria Sonl. 


R. Santok 8S ingh, B. V % ay sia 
Nijhawan (J Sri 
Nov 158 460 


steel foundry pra 


and 
1958, 


irc 

Moulding Sands Bonded with we ori i 
Comparison with ae a V.L 
A.B.M., 1958, 14, 2 in Me 
guest by ilt ule with 


dry clays are given and w th 
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Standards for Resin-Coated Sand. a Li 


Serve 


297 


ound 1958, 
298 \ 


setting stan 


rade J., 105, 
discu n of testin 
dards for thes 


bret 


veasinl io waenene’s 


an 


4, 
i 
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, Beteh Sand Distribution and Cone Processing. 


Ross brit ound., 1958, §1, 
120 $27 \ svstem is described most of th 
operations being ily automatic I 
and unloading 
continuous 


and 


into fron 


stoves ha een ace 


verti 


table tove for dr 


cores ¢ asting and blackwashing is 


pre 
vided 


omplished, 


ing large 


Sept., 


soading 


al 


Centrifugal Pumps Prime Preventive Main- 
f 


tenance. R. FE. Jacot 
34, Sept., 24-25). Waste { “ten 
claimed by mixing into 
The design and replacer 
centrifugal pumy 
ance is reduced to nimum 

On the Mass-Effect of Special Cast Steel. I 
A. Suzuki (Tetsu to Hagane, 1958, 44, 
341-342 For Mn-Mo, high-C, Cr-Mo ar 
low-C, Cr-Mo steels, the properties of 


stings, 
sand is re 
and classifiec 
ent 8 tem 
used ensures 


a mi 
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392 
mens fror various parts of a casting are 
1 the mass effect owing to solidi 
effect of heat treatment on 
mechanical tabulated K.E. J. 
High- Alloy Castings: Selection of Alloys for 
Heat-Resistant Service. Kk Miller Met 
Prog., 1958, 74, Deec., 98-101). A guide is 
given to the correct selection of an alloy for 
elevated-temperature service The alloys 
Cr and 0-70°,Ni, balance 
juantities of other alloying 


compared, 








ficatior ar 


roperties are 


range from 10-30 
iron plus minor 
elements 1 

The Use of Continuous Mixers 
Treating Plants. S. Laczkovics. (Koh. 
Lapok-Ontide, 1958, 9, July, 164-174). A 


comprehensive review is given of the use of 


in Sand 





of continuous mixers in sand treating plants, 
and their advantages over intermittent mixers 
are cise 
The Influence of "Heating on the Strength of 
Waterglass Sand. H.(. Levelink. (Metalen, 
1958, 18, 15 Oct., 340-347 Further results 
are given on the effect of heating on the com- 
pressive strength and deformation under 
pressure of waterglass-sand mixtures. 
Elutriator. 1 Wilkins 
Oct., 149-153 A given 
of the construction and operation of an appara 
tus for determining the silt and clay c 
of foundry sands. The method, 


issed P 


(Gjuteriet, 1958 
description is 


mtents 


developed 


at the Foundr Laboratory of Sveriges 
Mekanforbund, has been approved for publi 
eation in “Swedish Standard Methods of 


Testing Foundry Sands 

Cement Bonded Sands. K.W.CoxandP.G 
Griffir Inst. Brit. Found. Aust., 1958, 9, 
53-66 The experience of 2 Victoria foun 
dries with the Ran is described 
rhe process is described and illustrated and 
As a suromary the advan 
tages and disadvantages are set out, among the 
latter are the long irdening time, difficulty 
in knocking out and relative impossibility of 


lupson process 


costs are discussed 


sand reclamation 
The Design of Moulding Boxes. |. Szilagyi. 
Koh. Lapok, Ontéde, 1958, 9, Sept., 215-219). 
ome basic principles of the adequate design, 
production, and use of moulding 

to increase their life. The use 
with an oval hole, 
pilot hole, is sugyested. 


boxes are 
given, necessary 
of a hardened pilot bush 


instead of a round 


Proper standardization of the moulding boxes 
is also advised Pr. K 
Notes on Patternmaking. 


the ae of 
Foundry Trade J., 
774 A brief ac« 


1958, 105, 


sunt irom 


' 
: 


Plastic Patterns. J. \W. John Inst. Brit 
und. Aust., 1958, 9, 67-88). Development 
work first with phenolic and then with epoxy 


resins is described The process of pattern 
making with epox resins and fibre glass is 
g n and oreb« onstruction Costs 
are briefly Cine issed and the need for allerg 
test i 


Fountsy ‘Methods Switch Eliminates Hot 
Tears in Lasgo Castings, —_ Weld Time. H. 





Ch Appr tern Vet 1958, Oct., 
62-63 Changes invols 

that ibsor expar r 

f t tl ne xt 

etc el ted hot t I 

tir 1 t Lh } 

casting 1s 18 ft 7 ft 

cart ontent is 0-40 


The Influence of Weather on the Bonding 
Properties of Self-Drying mans Materials. 


oO Ra Koh Lapok, Or le, 1958, 9, 
Oct.-Nov., 242-245 rhe author discusses 
the effect temperature and air humidity 
on the bonding properties o sell-drying 


moulding materials I 
Criteria for the Economic Design of Foundry 
Furnaces. kt. Baldantoni Colore, 1958, 24 








Aug., 381-393 Foundry techniques are 
brief a ssed and a review is mad of 
mm and t prey tior drying and 
baking Factors inf r gr ild and core 
constructior 4 i issed in ome detail 
Means of red ng fuel costs are studied and 
it is shown that there is scope for economy, 
in furnace design and practice Vertical 
furnac recirculation are claimed to 
have low ‘ c inption, short drying 
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cycles, flexibility and to give a uniformly 
baked — with 6 ook i and a 
minim use of agglomeratin com? ids 


Heat Sxpension Effects in Clay Bonded Sand 
Moulds. P. W st. Brit. Found. 
1 us! 1958, 9, 103-123) The * crust 
separation group of casting defects—scabs, 
rat-tails and buckles—and the testing of 
sand for susceptibility to thern are considered. 
\ crust-separation t« 
that it can occur well below the 
sion temperature. 

Progress in the Field of the Carbon Dioxide 
Setting Process. W. Schurnache Giesseret, 
1958, 45, Nov. 20, 713-721). Diffie 
connected particularly with the manufacture 
of thick-walled castings by the CO, 
are discussed in the light of a series of trials, 
and recent progress in the process is outlined 

Casting Weldments in a Petroleum Refinery. 
J. Bland, C. B. Parrish and R. (¢ Wheel 
Weld. J., 1958, 37, Aug., 789-798). Some 
typical applications of casting weldments in 
a petroleum refinery are described and studies 
of the weldability of low and intermediate 
Cr—Mo alloy steel castings are reported Cast- 
ings for 
from 


Goat In 


st is described and shows 


quartz nver- 


ulties 





process, 





virtually free 


this purpose must be 
defects Furthermore, typical 
xxamples of repair and maintenance of casting 
aalidinniness discussed ri 

The Economics of Precision Casting. R. J 
Nicholas. (inst Brit Mound Lustral 
1958, 9, 11-29 Equipment and 
operations at the General Motors-Holden’s 
foundry are described. The Mechanised 
reg | = Sem Motors Holden’s Ltd. 
A. G. Bourchier. (31-4 

nerve age Control of Castings. R. Wiest 
(Giesserei, 1959, 46, Jan. 1, 11-14 Methods 
and standards for the control of the dimer 


sions of castin 


casting 


jranch, 





gs, including pattern standard- 
described. 

Alloy Cast-Iron Recuperator 
Mocsy. (Koh. Lapok Ontéde 


ization, are 
Tubes. A 
, 1958, 9, August, 








177 183 The author describes Hungarian 

eriments on the production of 35 in. long 

for air heating The tubes are cast 

from n alloy cast-iron of the fe wing 
chemical composition: Si 4-6°,, Cr 2-5-3-5 

and Ti 0-1—0-4 They have an adequate 

constancy of volume, and satisfactory mech- 


anical Pe rties, and are resistant to 900 
950° C 
Centrifugal Casting Applied to Grey Iron. 
Melntosh nat. Br Found fustra 
Brant h, 1958, 9, 43-51). Casting machines, 
operati n and: mould speeds, and the 
zi al considerations involved ar 





The 
Exclusively by the 
Bertacchin Fonderia, 1958, 7, Nov., 483 
487 The article describes one of the most 


- Foundry of Innocenti Casts 


Croning Process. M. 


up-to-date and best equ pped iron foundries 
in the world—The ‘“ Lambretta’? motor 

vooter foundry in Milan. The Croning pro- 
cess is exclusively used The layout of the 
plant and production techniques are discussed, 


Plastics in Foundry Technique. L. Kolb. 
Gieesereitechn., 1958, 4, Nov., 283-285). The 
various | 


practice are 


lications of plastics in foundry 


with partic 





utlined, ilar reference 





» East German methods. 

Casting Defects and Their Causes. J 
Drachmann. (Gjuteriet, 1958, 48, Nov 175 
180 Various types of inclusions in « tings 


‘ribed and their causes analysed. 


The Problem of the Formation of Shrinkage 
Cavities in Cast Iron. L. Sofroni and R. 


re dest 


lodoroy Ri Wet Bucarest 1958, (3), 
July/Aug., 41-57). In Russian]. The for 
I tior hru re ivities in some | C-Si 
" s liscussed, existing theories criticized 
th ut I experimental equi] nt is 
described and the results obtained are dis- 


issed 


Co-operation and Co-ordination Between 
Pattern Shop and Foundry. FE. H. Beech 


and N. Bradshaw. Brit. Foundr yman, 1958, 
51, Aug., 363-370). Modern trends and 
developments of pattern making in close co- 


operation with the 


ments oft 


ioundry 


casting 


to meet require- 
and moulding tech- 
niques and to keep in competition with other 


new 








t 3 manufacture are iescri i G. 

"Moulding with a Down Sand Seam. W. H. 
Gi isting 1958, 4, A , 37, 23, Si 
32 A fra » for attachment to a 

ichine and its operation ar lescribed 

Pattern Standards for Practical Foundry 
Usage. E. A. Gear VM Castings, 1958, 
34, Oct., 90-92 t e « ence ries are distin- 
‘ 1 according to the number of castings 
t« made 

Moulding Profit Cycle. Carter. (Mod 
Castings, 1958, 34, Aug., } High speed 
rr ad production b nr s ting, CO, 





gassing and stack moulding at American 
Foundry & Machine Co., Salt Lake ( ity are 
illustrated 

Mercury Patterns for Precision Castings. 

Metallurgia, 1958, 58, Sept., 130-134 An 
outline of the Mercast pro 3s, and a descrip- 
tion of the equipment and operation of the 
Crawley works. 

Improved Facilities for the Production of 
Castings by the Mercast Process. Machinery, 
1958, 93, Oct. 1, 777-780 The new Crawley 
works of Sankey-Telcon Ltd. is described 

Epoxy-Resin Patterns. D. B. Orr. (Brit. 
Foundryman, 1958, 51, July, 353-354). rhe 
author briefly reviews the properties and 


applications of esins with respect to 





pattern work et lay-up’ technique, 
which is deseribe the utmost accuracy 
Permanent moulds , glas loth bach 
ing should have nin bs t rive the 





required r 
Epoxy- Resin "Pattern 
Found J., 1958, 105, Nov. 
95 im prt ig f construction is shown 
and adv s over wood are claimed. 
Solidification and Risering of Gray Iron 

Castings. ©. M. Adams jun., M. C. Flemings 

and H. F. Taylor Vod. Castings, 1958, 34, 
Aug., 31-41 An 8-y r pr r . re 


plates. K. Taylor. 





yrted Fi lamental varia I let 

un shrinkage of gre iY I i 
Size and location of | rel red to vari 
ous factors and basic principles of risering are 
discussed Castings are shown t« trate 


these principle 
Mechanized Molding Line is 
Flexible. W. G. Gude. (Foundry, 


Sept 


Fast and 
1958, 86, 
, 62-65 The use of high speed 
Iding machin together with the 
organization of material handling have made 
I 200 moulds/h at 
the works of the Albion Malleable Iron ( 
Michigan. 

How to Test and Evaluate Core Oil. K. L. 
» Aug., 24 
25). A bakeability test and baked t 
strength determination are described. 

CO, and Why? A. Kirkhan Brit. 
dryman, 1958, 51, July, 23-330 After 
a brief historical review of the process, the 
author reports on the experience gained in 
his own foundry when he introduced the CO, 


auto- 





matic 


it possible to produce over 


s0VE Mod, Castings, 1958, 34 











process The advantages and disadvantages 
of the process are compared Phe 4in 
disadvantages-—difficulities in black wast 

i the necess t to dump a the CO nd 
ifter us ur r outweighed by the n I 


is adval wes | 

An Investigation into the Relative Efficien- 
cies of Some “ Breakdown” Additives for 
Use in the CO, nee of Bonding Core Sands. 











H. T. Bidwell I , 1958, 51, 
71 173 TI idditives exami € 
halk (2 val dust (2%) and pe eel uae 
1 and t ‘ r ired with ~ 
tain br gents It was 
{ nd for it wit | 
ise in | ler mnt t i nt n 
< rring at a | t tur in 
I! 
inusable S ’ 
added; t ffe 8 ( 
pitch r t r 
the r t lit s i 
I} tests I ried it 1 er t 3 1 
tabi for copper-base al G 


“Guetied Iron Patterns in Zireor 1 ‘Sand. Cc. Ww. 


"aw. ( indry, 1958, 86, Oct., 74 o The 
advantages are outlined of the iron production 
patterns, as cast in zircon-sand faced moulds 
by the General Motors Corp. at Detroit 
Machining costs are reduced and the pattern 


is left with a good wearing surface 
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Steel Castings for Radioactive Service. 
) Foundry, 1958, 86, Oct., 71 
i American specification MIL 
SHIPS nd 3 imy ations for the 
re of steel « ) ice in 
( ive ten ire a Inst 
Cast Iron Pistons. A, 
Guunaraes and \ erda Ss 
A.B.M.. 18). [In Portu 
guese The } facturing cast 
istons ¢ -onsidered. 


Arantes, ( 
untos (Bol. 
1956, ee 
iron } mpositions, 
properties, mo 
casting defe 


pistons 


, cast 
cts as well 
given. It 
such pistons ¢ 
tory mechanical 
chemical composition cannot be ri 
because of variati 
spite of the high ph 
pig iron the microstructures of the 
compare f with phan of 
origin, and (d w sulphur content, another 
characteristic native pig irons, makes 
or gr: aph itization dith« the 
strength irons 

60 000 Ib Stainless Steel Paper Mill Roll. 
J. H. Schaum. (Mod. Castings, 1958, 34, 
Aug., 26-30). An vunt of the induction 
trifugal casting and machining 


g and the various 
as microstructure of the 
mecluded that, (a) 
easily produced with 
properties, (6) the 
gidly fixed 
size, (c) in 
i native 
pistons 
ioreign 


is ¢ 
an be 
Batisiac 
ms in section 
— content o 
avourably 
thei 
of 
ilt 


in high 


acct 
melting, 
of large ro riven 

Some Metallurgical Aspects of the Pontiac 
V-8 Engine Pearlitic —e Iron Crankshaft. 
K. B alentine Ss. a Trans., 1958, 66, 
85). Ikilastic modulus, fatigue rth 
and tensile properties also 
hardenabilitvy and 

Two Interesting Castings. N. Charlton 
and { J W. Hayhurst. Brit. Found., 
, 51, Sept., 411-415 The casting of a 
planing-machine side-upright weighing 27-5 t 
and of a turbine blade ring with 
blades weighing 1-5 t by ¢ A. P 
Ltd. are described in detail and illustrated. 

High-Strength Cast Steel Chains. M. Flour. 
(Found. Trade J., 1958, 105, Oct. 30, 5-537 
Use in a French foundry of a process credited 
to the U.S. is described. Continu 
are cast 

Centrifugal Castings. 
“verhart. 
84U—-U3 


centr 


81 streng 
considered, 


wear-resistance. 


are 


1958 
yt 
cast-in 


arsons Co 


x" 
DIO-Obt 


yus lengths 
Ferrous Metals. J. L. 
1958, 48, Aug., 

are outlined 
iron and carbon and 
and compare d 
Parts are 
to. 


Meth 
Properties of « 
alloy 
stati 
Duplex tings are 
Centrifugal Casting Upgrades Stainless. 
ierce Steel, 1958, 148, July 28, 
By close control of variables 

cast I irts 
been produced 
over 200 000 psi 
The Air-Gap in Permanent Mold Casting. 
». Keller and N. R Arant. Blast Fur. 
Plant, 1958, 46, Sept., 957-965). Mea- 
ements are deseribed to the 

h of t} ‘ j 


hill-easting 


Ung., 

} 
is and material 
ast low 


steels are given with 


castings and tor shown 


also referred 


centri 
steel 


strengths 


ie 12 Cr stainless 
with tensile 


ind elongations above 10‘ 


determine 


it t l surtace 
his was achieved 
luction and storage ir 
mperature changes in the 
of chill rolls. 
"Some Notes on the Shell-Moulding Process. 
H. Weaver (Brit. Foundryman, 1958, 
51, Julv, 343-347 The author lists nir 
points that have to be considered if 
moulding is to be successful, anc 
attention to the limit the 
With these points mind, the proces 
described and discasse j G 
Construction of Shell Mould Patterns and Core 
Boxes. W.A. Wright vd 1958, 
34, Sept., 97-98). 1e adv 
ardization n 
patterns, core 
are disc 
Investment Casters Push Ceramic Shell Use. 
T. Operhall. { yundry, 1958, 86, Oct 68 
70 An illustrated article deal with the 
Mono-Shell investment casting devel 
oped by the Misco Precision ( 
using monolithic hell mo 
Quality Control Tests in the Shell Process. 
Jahn Foundry, 1958, 86, Oct., 80 
A standard pattern has been developed 


asting, in the manufacture 


itions of 


astings, 
intages of stand- 
the sign of shell 
boxes and auxiliary equipme 


»., and 


ceramic § ilds. 


81). 
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‘Study of High Seesesiee Posmeeties of 
Shell Moulds. R 


1058, 34, Sept. 


tabe 


SH 


1 expansion detects 

Shell Moulded Cast 
Bogart and H. C. 
1958, 66, 32-37). 
Vs er and the 
shell process » described 

Shell Molding for ae Castings. 
Powell wr Hi. Taylor Oo 
1958, 34, 


be © ited 


shell is prese 
Crankshatts. 
1.4. 


production 


Grant. (S 
, he 


advantayg 


1 of 
te with 
rf sand mixt 
thermic « ion occurs as we 
ti { ry the esin bir ier 
Sedastion of Silica in Large Shell Moulds. 
H. VanViack, R. G. Wells and W. B. Pierce. 
Mod. Castings, 1958, 934,Sept., 61-67) 
nature and the re 
» at the mould-metal interface 
cussed for the 2 shell 
and methods of mir the 
eftiects to the casting suriace are 
A Study of the Solidification Process in — 4 
and White Irons. A. G. Fuller and I 
Hughes B.C.I.R.A.J., 1958, 7, i. oe 
2U8). The q and thermal 
lidi- 
per 
’ white iron 
I imnar ¢ 
centre 


etivity 
endo- 
as reduc- 


extent of iuction of 
dis 


ulds, 


deleterious 


are 


ease of SiQ, 
MmMizing 


) suggested. 


wth o 


the 


sho. rystais 

being rr 

ple ely 

A si! 
The rene er of Grey and or Iron 

Castings. A. G. Full B R 

1958, 14, Nov 569-574 
terature. 


cts 


iron Was similar 


ed picto 


ai representation 1s shown 
gull 
the 


variables, 


view 
cts of compos n 
liclific 


tions 


, the inf 


ition = sé 


Some Curious Wasters, their Cause and Cure. 
l, 1958, 31, Sept., 461 
Reasons for a number of unusual wasters 
indry practice and methods of elimins 
iered 
‘The Effect ‘of Pomperature and Atmosphere 
on the hen Silica Interface Reaction. ‘:. A 
. anViack and R Flinn. 
; » 4, rt., j F 
e ject to difterent 
f oxidation 
CO,/CO rat 
examine 
ray diffract 


Shedrick Iron Stee 


iting 


r 
are « 


quent 
the mechanism o 


in this systern 


Calculation of the Casting Characteristics 
of Bar Stock on Cooling Beds and the Suit- 
ability of Certain Cooling Bed Designs for 
— ot Different Compositions and Profiles. 
r. G@ “ 195 19-5 Au 
1% . ) ] 
are 
the 

rant 
ering @ range 
. r stock 

A Shrinkage Test for Cast Iron. 

yer, H. A. Krall and Huetter. 

ry, 1958, 86, No 74 78). Test 
yr ra univ 

lard form 18 a 

Some Physical Factors Influencing Shrinkage 
and a in Grey- — Castings. K. FE. L. 

Nicholas and I. C. H. Hughes Brit. Fo 
1958, gg thal 428 rr Mould rigidity, 
rature, and inoculation eftects 
other defects are nined. 


over 


und., 


pouring temp 
on porosity and exalr 
Nodular graphit to be 


but the use of CO, process rigid moulds and 


e castings tend iZ@, 


ol 

ture LV 
but pr 
Ir 
i 


not 
1oOte 


Pensuntion of Moulding Materials at High 
Temperatures, ai Mechanism of Scab 
Formation. | Futaki y M [sotani 
4 ’ 8 ‘ ya, 1958, 7, 
et 2 reme 1ermeé 


) i ese tyt re ¢ lated 
l ist ( ditions and 1 ild properties 
Quality Control of Melting — k for Invest- 

ment Founders. L aylor Found 

Trade J., 105, 470 A 

surve of factors in th xducti ot steel 

meiting st 1 i LS ¢ ur ur nents, 

N, ind H conter nit a 1d a 

on ‘ at ~ 
Some Developments in ihe Fettling of Steel 

Castings. | r 

1958, 51, Sept., 

by the 


wasnhin 


1Y58, 


not 


ind., 


116 120) ter val of risera 


and feed 
Both dey of ar 
der to ra Ss and assist 
Clean Air and the Foundry Industry. 
18 B.C.1.R.A.J., 1958, 7, O 
320 A Yr 1iew of missions and ¢ 
i tl t Operation 
Cupela to Minimize Seniosions. F. M 


$30-334 


temperatur 


Mae 

of the 
shaw 
aterials 
in the charge redu en n. other measure 
are hard! 


Dearing 


nor 

=I er ip 

nt in the ipo stack u or gas 
ndling shou ised. The 
‘Cupola: Fume Problems. R. 
33 Dust 18 

st and fume rer 

sal stacl tl Bugyestion so 

far The Pounder Air Furnace: Smoke, Grit 
and Fume Problems. kK. Bb. 338- 
342 Che production of iron rolls is 
ae ribed with refe the emission of 
fur dust should give 
no d t Furnaces Used in the Malleable 
Cast Sean Industry and the Clean Air Act. 
H G Hal 343-354 Rotary furnaces 


with specia : ice he Sesci 


irners I + 
Hot Blast, 
no prot lem, 


1ains a problem, 


omy 


Parish. 
cast 
rence to 


Bla k smoke and 


furnace 
and the malleable furnace are 
described 

Noise Reduction 
Brown BSCRAJ., re 


Fettling Shops. KR. H. 
print, 1958, Aug » pp. 5). 
HEAT-TREATMENT 
AT-TREATMENT Fl 
Treatment at 


LUD, 


HI 
Heat 
Treatme? 


R 
Dale. 


388 


Vet 


how 


Darley 
29, Sept., 35 
plant is de rex ising te 


isting of 31 t t ment furna 


wn's g nd con 
nper- 
hing macnine, a turn 
charg ry machine juipment 
New Plant 


ite 


i ana ther ¢ 
Heat Treatment ‘of Stampings 
at Darley Dale. Veta yia, 1958, Sey 
mer, 268 142 &¢ ript f th endiera- 
1Zat n tn works, 
The Firth- Derihon ~~ Rt Ltd. Progress 
in Heat Treatment. Brit. Steel., 195 4 
Sept., 302-303 A me plant at 

Dale 


with an 


ion « 


lation ering 
it forced 
i il rumentation is 
outlined Rew ‘Heat- ieeatenent Plant at the 
Works of Firth- Derihon Stampings. (Machin 
ery, 1958, 93, Sept., 10, 620-621 An inst 
three heat-treating 
with 
and a turntable 
char; ing i has been built 
investigating the Susceptibility of Structural 
Steels to Overheat. M. F. Alekseenko, G. ! 


furnaces 


type 
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Alekseeva, G. N. Orekhov 
(Stal’, Supplement V etallogr 
1958, 21-30 Four types 

and the 


and L.5S 


and Heat 


steel were 
that these 
Traces of 
The standard mex 
the sar n ove 
The yverheating 
iro. t 
at iow tel 
tensile breaking strength 
tested under a bending a1 L. 
Use of Gas in Heat Treating Operations at 
Chrysler. KR. E. Morken. Met. Treating, 
1958, 9, Jul.-Aug., 8, 10, 19, 20, 30, 32 
carburizing and 


rneates 


eratures 


The use of natural 
hardening i briefly de ibed The use of 
controlled atmosphere is also dealt with 

Heat Treatment and Cleaning in Wire Pro- 
duction. E. Hague Vetallurgia, 1958, 58, 
Aug., SU-83 Special reference is made to 
procedure in the new Kingfield Works plant, 
which is illustrated and described 

Wire Heat Treatment and Cleaning —_ 
at Kingfield Works. E. Hague uv 
1958, 25, June 565-567, 58S The newly 
opened heat-treatment plant here les 
ndizing furnace, and harden 
pit-t urn 


ribed 
comprises & spher« 
annealing, pe I 
heated The cleaning 
plant includes an electrode salt bath and 
heated rod baker All these 
installations are described in some deta 
Mesh Belt Furnaces. Wild-Barfield J., 
1958, 6, Sept., 10-12). A brief review 
illustrations 
Electric Burnes 
Hancock B ham Met. S« 
Sept., 89 he A gn 


resistor 


ing, tempering and 
aces, all electrically 


electrically 


with 


Deviopments. Pp. 3 
1958, 38, 
neral review of are 
induction and furnaces for ali pur 
pose 

Application and Heat Treatment of Plain 
and Alloyed Steels. A. G. Gardner 
World, 1958, 188, Oct., 438-442 
classified by ¢ ontent and uses are listed 
Notes on annealing yg, hardening 
and tempering are added Allov steels are 
then discussed and the effects of Ni, Cr, W, 
Mo, Co, Al, St and Mn are brietly 

Salt Bath Heat Treatment v. Quench and 
Temper; Standard and Pearlitic Malleable. 
FP. W. Green V od. Castings, 1958, 34, Oct 
41-46 The methods of production of stand 
ard and pearliti outlined and 
physical properties, 


, 8tress-relievin 


considered 


grades are 
nicrostruc ires, mechan 
properties ar 
it treatmen met 3 
mnclusions are of a preliminary nature 
The Processing S. Wrought Steel to High 
Strength. H. MeCreery S.A.BuJ., 1958, 
7 The treatment of SAI 
20000 minimum U.T.S 1s 
ohe e of steel, it wo! ng, 
ind heat treatment require spe 
ind features are outlined 
Investigating the Thermal Treatment of 
6KhV28 Steel for Blades and Shears for the 
Hot Shearing of Blooms. M Pylk 
Stal’, Supplt Meta _— and Heat 
251-255 I 
vetal ond agnito 3h om 
bine a treatment for hard ig oil 
nching is suggested follc 
ith aalnnend air cooling L. 

Heat Treatment Line Needs One Operator. 
V. Horak Vetal Prod., 1958, 102, 
19, 2229-2230 A line omprising 

itr ere hardenin irnace, 
lled-atn 
naces atwo 


sphere re 


lian 

18 or and carburized parts 
Reseat “Advances in Control Systems for 
Continuous Processing Lines. { B 

and J. T. Bradtord l 
35, Oct., M135 

improved perfor 

ssing lines ft I 

! r ste ~ hese are discussed 

Considerati ons of the penne ter and Use of 
the Heat-Treated Quality Steels. F. Munoz 
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hardenat 
im 39 reference 
Sienna et of Stainless- Dispersion- 
Hardened Spring Alloys. A. 4). Rakhshtadt 
é V etallogr ind Heat Tr 
1958, 181-228 rhe chen comp 
en for the 11 alloys investigated 
findings for each alloy are set out 


rding alloy N36KhTY 


Stal’ Supplt. 


temperature from I 
quenching in water and the 
at 700 The compositior 
0-05° 4 34°5-36-0° Ni; 
3-2°% Ti; 0-9-1-1%A I 
Pit- Type Hardening Furnace. 
1958, 31, Aug 424 An installatic 
axle-sh 1its, wi ich ire 
to minimize distortion, at 
is briet described 
Heat-Treatment Furnace for Large Wabei- 
cated Vessels. (Hngincer, 1958, 206, ‘ 
534-535 \ ertic flame high 
eireulatin f 10] \ 
diameter and 20 f I ad with ¢ 
200-900" C is } 
How ™ Harden Steel Rolls. 
mick ror ge, 1958, 
Phe plan nd 


Steel 


suspended vertica 


Standard Motor 


. 


ech iq 


ened steel rol i ae ribed Dp. L. 6. 1 
Contribution to the Heat Treatment of Steel 
ae with 18 Cr. H. Zeuner and \ 
Heubne Giesserei, 1958, 45, Dec 

753 The int emi ‘ 
on the structure 3 and 17 
examined for various heat 
the obje« 
The re 


treatments 
taining maximum toug 


yperties 


by 3to4m u 
temperatures, quencnit 
the carbice 

The Casting and Heat- Treating of Steel 
Gears. J. M. Calkins and V. Ek. Zan le 
Treat., 1958, Sept.-Oct., 12, 14 
hoice of material and type of heat-treat 


to be used in the processing of cast-stee 


s described 7.4 
The Effect of Various Types of Heat Treat- 

ment on the Characteristics of a Faulty 13° 

Chrome Steel. P. Virdi I 

1958, 7, Dec., 497-5 Che 


acted 
that even hig I 


tment y 
Economic Advantages of Ertan Furnaces. 
VW ‘ Vet . 1 ® 


N 


eV tec 
Control of Saltbaths, II. 
Draht 8, 9. Ma 175 


its heat transfer 
Seodicetion Methods for Heat- Treatment of 
Steel Components in Salt Baths. (Curr 
Engin rH 1958, 1, Oct., 20 


Use it baths are enumerate 
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Continuous Heating of Wire by the Electr 
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ri it i ! 
Case- Sieofening of eons Cutting Steels, 
S epers and W I 
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Special Control Method in Continuous Car- 
burizing of Truck muaneunianion and Rear _ 
Gears. H.C. Ha Ind. Heat., 195 
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gas carburizing lant i | 
the carbon 
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The Possibility of Increasing the Carburiza- 
tion Temperature Inside a Solid Carburizer to 
980° C. A. W Tar R 
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tages a vs 40 
than treat tat 910 

The Use of Alcohols With and Without 
Additions of Nitrogen Compounds for Case- 
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Practical Experience with the Foil Method 
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Sy ye ot Rail Ends. 


1958, 


“Fixtur res for Induction Heating. 


ea 105 
1U5s8, 


Automatic 
4. 7 


Effect of Induction 
Strength. Kk. Yal 
1958,44,M , 349-350 rt 


Hardening on Tensile 
[etsu to Hagane 
Fast Heat “7 Toughens aime. 
1958, 182. Nov. 20, 110 


high-harde 

idequately tre ( 

Cold- Heat a og Hardens 
Water 
215 2214 
al lesigned 


t th 


btau 


Nitriding 
h ) 


Gears under 


1958, 102, De 19. of Steel by the Glow pecan, 
K. Br und F. Eberhard 


1880 
; é 
1 out | vat 


I I 
Nitriding of High-Strength Magnesium- 
Treated Cast nen 1. M. Lakhtin and D.S 
1 Vet bra Vet “ 
bint M 


Siractere of } Witrided 


Hes at-Treats able Steels. 
78, Dee. 25 189] M 

App su 4 ‘ . ® ; 
Heated Atmosphere Furnaces. 


4. os \ bref 


Gas 
YOK 


Fa ly orl th 
Treatment Plant for 
B, Nov. 5 


1958, 2 


arbonitr 
Heat 
Engines 
An accour i the 


_Crankshatts 


ntir 
ontinuous 
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X-ray analysis Fe,N and Fe,N were detected 
in the hardened layer The great hardness 
of special alloy steel is due to nitriding of the 


alloying elements, with consequent distortion 
of the erystal lattice It was found that Ti 
contents of about 1-75‘ greatly affect the 
hardness of the layer, particularly at elevated 
temperatures, ~ 800°” ( T, « 


Decarburisation Rate of Mild Steel. Effect 
of Crucible Materials on Decarburisation 
Rate, T. Fujii. (Tetsu to Hagane, 1958, 44, 
Mar., 237-2 tesults are given for cruci 
bles made of pure magnesia, electrofused 
magnesia, sintered magnesia, pure alumina 
and sintered alumina (analyses given). 

Bright Annealing of Steels and Heat- 
Resisting Alloys in a Reducing Atmosphere 
Containing Fluoride. P. Galmiche. (Rev. 
Mét., 1958, 55, Sept., 840-846). A process 
for the bright annealing of chromium-bearing 
alloys in a reducing atmosphere containing 
fluoride is described, and an application of the 
process (based on the O.N.E.R.A 
to the skin annealing of gas turbine blades is 
discussed. 

Scale-Free Annealing in Beting Mills and 
Forging Operations. F. Helfert. (V.DJ.Z., 
1958, 100, Dec. 21, 1731-1736). Various 
methods of heating in controlled atmospheres 
equilibrium conditions of 
the relevant reactions are described and some 
examples given 

Combination Gas-Electric Tower Furnace 
Used for Continuous Annealing of Tin Plate. 
(Ind. Heat., 1958, 25, Aug., 1574, 1576) 
A continuous protective atmosphere tin plate 
strip annealing furnace rated at 15 t/h of 
strip moving 500 ft/min installed by Youngs- 
town Sheet & Tube Co., East Chicago 
Indiana is brie fly described. Gas is used for 
heat ip 

Continuous Annealing of Tin Plate. R. 





process) 


are discuss¢ d, the 


McClure (Blast Furn. Steel Plant, 1958, “e. 
Dec., 1287-1291, 1294). The continuous 
annealing process for tin plate is described, 
and compared with box annealing. It is 


pointed out that operating costs of the latter 
are less, but several advantages in the use of 
continuous annealing methods are enumerated. 

A Roller Hearth Furnace for Continuous 
and Batch Annealing of Stainless Steel Tubes. 
E. A. Hasnip and M. P. Shaw ( Process 
Control 1959, 6, Jan., 8-14). An 
illustrated account of the Walsall installation 
of Talbot Stead Tube Co. with gas-firing and 
controls and conveyors is given. 

Rapid Annealing of Cold-Drawn Austenitic 
Stainless grow. H.Saruhashi. (Tetsu 
to Hagane, 1958, 44, Mar., 343-344) K.E. J 

Heat Transmission in a Coil Annealing 
Furnace. K. Tanaka (Tetsu to Hagane, 

1958, 44, Mar., 388—390 K. E. J. 

Study on the Annealing of Steel Sheets for 
Galvanizing. JT. Matumoto Tetsu to Ha- 
gane, 1958, 44, Mar., 356-357). For 
mens of thickness 0-27 and 1-25 mm, results 
are given for the effect of annealing temp. 
(max. between 500° and 1000° C) on physical 
—— bends and grain 


Autom., 


speci- 


£, Springiness 
BiZe K 

A Sete « on » High Speed Tools. XX. Water 
and Air Annealing of High Speed Steels 
SKH2 and SKH9. H. Hotta. (Tetsu | 
Hagane, 1958, 44, Mar., 411—412).—k. E. J. 

Theoretical and Practical Considerations 
for Normalizing Cast Irons. G. Cola Fon- 
deria Ital., 1958, 7, Nov., 433-471). An 
account s extensive 


given of researches 
earried out on the ne t 


rmalization of cast irons 










Over 50 castings of fferent sizes and different 
grey iron ec | tions were investigated and 
it was that 94;°%, of the castings 
showed higher tensile strengths than specified 
whereas 04} of these had Brinell hardnesses 


below the v es specified Numerous refer 
ence table are given. (17 References). 
Hot-Bath Quenching at Low Temperatures 
of Eutectoid Carbon Steel. I. On the Struc- 
tural Constituents After Quenching. I. Tatsu 
kawa Nippon Kinz cu, 1957, 21, Jan., 
11-14). With a view to improving properties, 
0-8°.C steel was quenched in a hot bath 
below the M, temp The isothermal expan- 
sion curve shows an initial st« p corresponding 
with formation of athermal and isothermal 
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martensite, and another associated with the 
lower-bainite reaction and stabilization of 
After quenching, the room-temp. 

vary according to conditions, 
but structures of with 
lower bainite containing isten- 


austenite, 
constituents 
tempered martensite 
iuch retained a 
ite are possible cK. 3.2 

Hardening Liquids. (Aciers Fins Spéc., 
1958, Dee., 49-55 Aqueous and organic 
media and salt baths are brief onsidered, 


Features of the Process of Saeoaee after 


High-Frequency Hardening. I. N. Kidin, 
. Astaf’eva and A. N. Marshalkii. (Metall. 
Obra Met., 1958, (9), 2-12). The non-uni- 


formity of carbon distribution produced by 
rapid heating was examined by X-ray methods. 
Microstructures and microradiograms for a 
steel hardened at 1100° C with various rates of 
heating are shown, the non uniformity in- 
creasing with the rate. Decomposition of the 
non-uniform martensite during tempering was 
also examined. Impact tests were carried out 
on steels after tempering at different temper- 
atures for a range of times and the necessary 
rates of heating for optimum impact resistances 
are given and discussed. 

The Influence of Tempering-Time on Some of 
the Mechanical and Physical Properties of Steel. 
J.L. Aston (JISJ, 1959, 192, Aug., 377-382), 


[This issue] 


FORGING, STAMPING 
DRAWING AND PRESSING 
How b+ Get More from High Strength Steel. 
(Steel, 1958, 148, Nov. 17, 128-129). Advice 
on producing high-strength wrought-alloy 
steel parts This includes: (1) rolling 


| is given 
and forging must be done without overheating 


or burning the metal internally; (2) machining 
must avoid tears and cuts, which produce 
stress-raisers; (3) the steel selected must 


ductility when heat-treated 
to high strength; (4) watch for embrittlement 
and cracking under plated finishes.—p. L. c. P. 
Pointers for Purchasing Agents. (Jron Age, 
1958, 182, Aug. 21, 102-104). Operations 
which may be carried out in the forging sh yp 
to save machining considered. 
Examples are straightening, coining, planish- 
ing, punching, broaching, and ironing 
Static-dynamic Forging. P. Stankovié. 
Met. Treatment, 1958, 25, Dec., 489-494) 
A machine built in the Machine Tool Dept. of 
described and tests 
lhe theory of low speed (static 


I 
speed (dynamic) forging and of the 


maintain adequate 


costs, are 


Belgrade University is 
are reported 
and high 


combined process is given and the forces 
involved are istrated and material flow, 
resistance to deformation and effects on struc 

ture are considered It is shown that a 
balar between the press and forge methods 


gives good control of the flow of metal both 
in the direction of the force and in the per- 
pendicular direction. 

How Alloying Elements Affect Steel Forge- 
ability. G. P. Contractor and W. A. Morgan. 
Iron Age, 1958, 182, Nov. 13, 142-146). A 
series of graphs are given which show the 
effect of steel composition on hot workability 
at various temperatures. The workabilit: 
is measured by the number of 
failure” of a sample and thi 

forging properties. The 

effect of variations in the following in a se a . 
tion of steels is shown a Mn, S, Si, Ni, 
Mo, N,, Sn, Pb, P, , Co, V, Ti D. L. P. 

Forgeability of Steel Type O8kp with Addi- 
tions of Titanium and Vanadium. N. D. 
somakin Stal’, Supplt. Metallogr. and Heat 
Treatmt., 1958, 240-246 


twists to 
s is considered a 


useful measure of 


best « xperi 





mental results concerning yield after mping 
97-9 , Showing the smallest number of 
jisplacement lines of least definition were 





given sheets of 


1dditions of 


steel type cast with 
ferro-vanadium calculated for 


OSky 


a vanadium content of 0-05° without 
reckoning the loss by oxidatio L. a 

The Calculation of Forging Cooling. Hates. 
D. P. Timo and R. M. Goldhoff. S.M.E 


A method 
account the change 
and surface heat trans- 
perature and used for a 44 in. 


preprint, 58-SA-4, 1958, pp. 11 
is described taking 
of thermal properties 


fer with tem 


into 








turbine forging and a 7 in. cylinder, with 
satisfactory results. 

Metallurgical Examination of Forging- 
Quality Steels. J. D. Bunton Wet. Treat 
ment, 1958, 25, Oct., 414—41¢ Synopsis of 
the NADFS Spring lecture The ass nt 
ot the quality of steels for forging is dis- 
cussed. 

Rotary Forging Turns Profits Up. (Sveel, 
1958, 143, Nov. 10, 122-123 The pr iples 
of rotary forging are described and examples 
of applications are given. In the process, the 


vertical work piece rotates while 4 horizontally 
opposed hammers beat the part to the desired 
contour. The shape may be made by having 
a shaped hammer-head, or controlling the 
length of the stroke, as the work passes the 
hammers. Hollow parts can be made by 
forging against a mandrel. Metal may be 
hot- orcold-worked Advantages are material 
saving, low tooling cost, speed, accuracy, 
considerable grain-flow - reduction of 
finish-machining D L. ¢ 

Fabrication of Hollow. Steel Propeller 
Blades. F. J. Altmann. (Weld. Met. Fabr., 
1958, 26, Aug., 272-276). Precision forging, 
contour rolling, and the welding of the 16 
structural components are described. 

Materials Selector: Design Features of Metal 
Forms. (Mat. Design Eng., 1958-59, 
Reference Issue, 48, Mid-Oct., 294 323). 
Tables are given of the general properties 
of castings, forged, extruded and otherwise 
formed parts in iron and non-ferrous metals 
and plastics. These are then treated in 
greater detail and various tolerances and 
permissible cap depths, stretch data ete. 
are given. Spinning is also included and the 
properties of mechanical tubing 

Three New Ways to Make Precision Forgings, 


Extrusions. J. F. Murphy. Vat. Design 
Enq... 1958, 48, Nov . 105-107) Brief 
descriptions are given of rotary forging, pre- 
cision gear iorging in screw presses and cross 


extrusion. Parts are 
grams explaining the 

Improved Heat Treating E Practice for Cold 
Roll Sleeves Made of Steel 9KhF. [. A. Brai- 


illustrated and dia- 
pro S are given. 


nin, A. I. Kondrashov, V. A. Kharchenko. 
Vetallov, Obra, Met., 1958, (7), 43-46 The 
steel has 0-9°9.C, 0-65°.Cr and 0-22°,V from 
1 basic O.H. furnace Proy 


erties and par- 
ticularly the best conditions f f 
metal were investigated 
growth and overheating 
austenitizing ter iperatu 
improves retained austenite stability, in- 
its minimum stability temperature in 
the pearlite range and lowers the murtensite 


tne 





preciabl rain 
start above 950° C, 
Increase of re to 960 


creases 


point. Forging in two upsetting steps gives 
finer grain and improves the structur A 
2-stage isothermal treatment cycle eliminates 
flaking without normalizing and gives a 
hard, but easily machined struct The 
juenching and tempering practice was also 


worked out. 
Plant Layout and Mechanization in the 
— Shops. L. Walter. (Sheet Metal Ind., 





1958, 35, Oct., 747-753). ¥ thod of plan- 
ning lay out on a plasti« ria ft » choice of 
power sources, press shot mechan nin an 
automobile body factory, com rs and their 
control are discussed in an illustrated article. 

Automatic Forging Press. (Met. Treat 
ment, 1958, 25, Oct., 424). A brief descrip- 
tion of a 2500-t press developed by the Erie 
Foun Co., Pennsylvania and prod ng 


20 formngs per min. It is capable of 40, 
but this gives excessive die wear. 

New Press Sweeps Hot Forging Into the 
Automation Age. (Jron Age, 1958, 182, Oct. 


2, 82-83). A fully automated four-station 
hot-forging press designed by the Eri F indry 
Co., Pa., is described. With only one ‘ obser- 
ver’ it can produce ip to 2400 finished forg- 


ings h. A. G 
Automation Triples a yy Output. (Steel, 
1958, 143, t 

ted forging press developed by the Erie 
eundey Company is described. Designed 
for high volume forging the said to 
riple output and requires only one operator, 
Hot-Sizing Titanium and Heat-resistant 
Steel Parts. (Machinery, 1958, 93, Oct. 1, 





29, 90-91 29500-t at 





press is 
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account of devel- 


presses 
eedag Metal Stampings. J. L. Ever 
art Mat. Design Eng., 1958, 48, Sept., 
109-124). Design Manual No. 152. Auster 
itic stainless steels are included 
A Practical Manual for erwin —— 
Part II. Formed Stampings. C. ‘ g 
(Mach. Design, 1958, 30, Aug. 7, "1h “117). 
Deep-drawing is included in a general dis- 
n of shapes, sizes, tolerar 
rmed and bent parts are cc 
Meg ~~ Die Openings. F. Strasser. 
] » 81, Oct., 497 498 Fa 
( egIng of the slugs in the 
A age as found 
practice, are enumerated, and 
ism of the process is described 
| Improved Methods for Deep Drawing. 
(Met Progress, 1958, 74, Aug., 84-86). 
ints made deep drawing 
ed advances in theory, materials and 
production methods.—p. L. c. P 
Preventing Coarse-Grained Fractures in 
Silicon-Chromium Steels. M. I. Vinograd 
and 7. A. Zut I Va. Stal’ Supplem nt 
Metallography and Heat Treatment, 1958, 
31-38). The steels usec ere O ymposition 
Kh9S2, 0-4°.C, 2-43 Si, 36% Cr and 
Kh108S2M, 0 
Mo 


es and finishes. 


nsidere 


in sim 


at a conference on 


ms in drawing ip to 
to 12° for Kb10S2M. 


ROLLING-MILL PRACTICE 


Faster Roll Grinding Aided by Automatic 
Electronic Feed. (.Metalw. Prod., 1958, 102, 
De 26, ) ) d .ew roll grinder for 
strip mil d ribed Its capacity is 192 
in between centres and on test it ground 0-024 

ma 204 roll of hardened forged steel 
] 15 min, to a 14-2 micro-in. 
finist 

The Changing of Entire Stands for Roll 
Changing in a Rail Mill. V. V. Shakun. 
Metallurg, 1958, (9), 26-27). The 
describes the 


author 
practice ofl changing entire 
stands in a $2 in. and ril rill. toll 
changing time was reduced from 3-5 to 1-8 h 
New Method for Increasing the Service Life 
of Roller Bearings and Reducing Specific 
_— Consum ption. A M. Kovalevskii. 
Mashin., 1958, (8), 3-9 x peri- 

mental investigations have established the 
following rel: tween the numerical value 
of the load at the point of contact and the 
of the bearings: h M/cS, where 
h is the number of cycles up to the onset of 
fatigue damage (i.e. the service life), M, a 
onstant for the material depending 
factors, o, the load at point of 
H S the index of contact equal to 20/3 
for a linear contact and 9 or 10 for a point 
contact If, for example, the contact pressure 
could be halved, the service life 


36 In. ft 


ition be 


service lift 


m various 
contact 


would increase 
100-fold. The metho nsists in altering 
the curvature of the surface { the 
so that the load ms be transmitte 


bearings 
to the 
maximum number of rollers in the most effi 
cient and umform manner L. H 
Adjustment of the Free Play of the oo 
un Roller Bearings. 8. G. Popovich and \ 
Roshet. (Vestnih Masi n, 1958, (8) 9 + ‘ 
Methe adjustment are sug 
tables for the numerical values of the fre 
play « he shafts according to the vari 
types of bearings and the 
contact. L. 
Rolling Mill Gtgpene. es 
4 J. Severson Steel 
35, May, 127-130). The 
the need for good desig 
able materials to ensure ¢ 
versal spindle bearing segments or slippers. 
Operating and Mechanical Features of New 
46 x 110-in., High-Lift Blooming Mill at 
Stelco. A. C. Gray and J. G. Mitchell. 
Iron Steel Eng., 1958, 35, Aug., 123—131). 
This blooming mill, installed at the Hamilton 
works of the Steel Company of Canada, has 
been in operation since Jan, 1958, 


gested with 


load at points of 


Gleve and 
Eng., 


authors emy 


1058, 
hasize 
n and the use of suit- 
od service of uni- 


and is now 
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lling 00 ingot t/h Constructional and 

verational it Ils of the 

Operational ariel of 45- -in. Slab Mill oa 
80- ‘in. Hot ~~ Mill at Fairless Works. J.D 

ra. ron Ste , , 1958, 35, Se 

198 201). A description of the I 
the plant which w t into operation in 1953 

Pittsburgh Steel Completes 6- pane. 30-in. 
Biot Mill. (lJron Steel Eng., 1958, 35, Oct., 
14 \ brief account of the i n of 
this mill in 20 days at the Pit » | 


Co.'s plant 
First British Universal Beam Mill. New 
on kenby — of Dorman Long (Steel) Ltd. 
ron ¢ il rades & 1958, 177, Oct 3, 
9; 803 Rolling Universal Beams. (/irit 
Eng., 1958, 41, Nov 144-148 1 illus 
trated account of the Lackenby rolling mill 
Universal Beam Mill at Lackenby. (Engineer, 
1958, 206, Oct. 17, 605-608; Oct. 24, 637-640). 
With plans and illustrations. British Mill 
Rolls Broad Flange Beams. (Lny ring, 
1958, 186, Sept. 26, 406-4058). 4 description 
of Dorman Long Ss nev 4 enpy iniversal 
be im miuii, i “al 
Bar Mill da Reduces eed for Roll 
Changing. A. | L, Steel Eng., 
1958, 35, Sept., , , he layout and 
er a \ rit io 1 merchant 
Hoesch-Westtialen- 
1und, which pert its import 
or the elimination i down- 
ti 8 due to roli and groove chang 
ew Continuous Small Section Rolling Mill 
for . wn Rolling Schedule. N. Petrovits 
Hi Eis 1958, 78, 


Oct. 30, 1546-1566 rhe planning, 


and Billen. (*Stakl 


und Stahl- 

Phis 

er Saar 

main 

uns are inte led with 

I i 30 OOO er month, 

The mull stands, 

three of them ee-hi ixiliary plant is 
im ided in the iption 

Republic Starts Operation on ll-in. Bar 

Mill at South Chicago. (/ron Steel Eng., 

1958, 35, Aug., 142). \ brief description of 

the layout of this mill is given. Midwest 

Bar Mill, Now in pymetion, Has Novel Features. 

Blast Fur. Steel Plant, 1958, 46, Sept., 966 

967 Republic Steel Corporation recently 

ll-in. bar mill into oper ol its 


South Chicago plant The bar 


put a new 


or turned during reduction, ar ping at 
the finishing stands is vertical 

Bar Mill Operates Automatically. . A 
Billante and G. Lambert Iron Steel Eng., 
35, Sept., 203 A schematic diagram 
shows the per m ot tan bar mill 
under f 
Steel Dir 
ham, \ 

A Combination Mill for wrt Rod, Bars 
and Strip. &. E. Davis L Eng., 
1958, 35, April, 101-105 Th article d 
scribes ¢ nall flexible mill capable of r 
| I to « 


1958, 


1of H. kK 


pling 
tolerance 
my es a 20-1 2-high reversing 
un LS-in., 3-hi tand with tilting 
inds of stands of 12 in. 
stands o in The mill can roll 
vn from 14 in 3 in. and 
of rounds down to about t 1.pD.J.B 
Automation of the First Rail Mill in the 
U.S.S.R. Ss. V. Gul t Vetallurqg, 1958, eo 
20 I} article re r efi the auto 
matic control of the milling process and of 
the finishing train at Nizhne Tagil, (Urals 
The Shape of the Grooves and their Dis- 
position in Existing Rail Rolling Mills. M. 


utnik, 1958, 25, (7-8), 291-295 


strip do a vari 


Musial 
in Pol h The article discusses various 
methods of rolling rails used 1 . aan 
in Poland 


tion of 


In spite of the im 
rails in Poland sore 
are oWV 
own roll g in seven 
he regrets the a ul of statistical data 
the wear vuld be 
the Pol Railways 

The Advantages of Beams i in ‘the New IPE 
Series. ©. Perret. cver-Stahl-Steel, 1958, 


ot raiis, whicl n 


sh State 


supplied by 
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Ww 


m8 


Pull whe of ‘the ‘Barrel of ‘the Upper or Roll in 
a 32 in Stand. P llur 


1958, 


a 

tin 

in 1Y¥38 and 

jor i Slo 
zolling Complex Shapes. 

Altmar und RK. D y 

1958, — De 12 

it i t turbine 7 

flow Rod Mill in Sonoran: ‘Embodies ‘ey 

Novel Features. “ W ire l., 195 

33, June, 644-647 Che, 1 P 

deserib t 

insta 

AG 

Ine 


lliustr 


Contour 


alr 


thin 


Merc hant and Wire Rod Mill. Fally Con- 
tinuous Plant at Klockner. L. \ lron 
Steel, 1958, 31, Oct., 485-490 i} f 
contin kK 
Has 
es ; : 
rod in 1956 

Modern Wire Rolling 
VW , 1958, Aug 15-18 


) 
trip and rod mull built ) j ribed 


* Mills. Vilmes 
: c* 


and trated 4 
Planning the Design, Layout and Construc- 
tion of a Heavy- Plate Rolling Mill. W. Hilt 
een, 1958, 78, Uct ‘ 


the training ) ) 
Appraisal of Design ond Type of Operation 
of a Heavy-Plate Rolling Mill on | the Basis of 
—— Results. I *Stahl 
n, 1958, 78, O , 1536-1546 The 
mill ribed I t r ‘ ! rac 


ma cor it I I I ! A ter, ile 
of the r , cor 1 equ nt includ ly 
apparat velit with, 

Design ont Construction of a ‘on Heavy- 
Plate Mill. HH. Matthae t , 1958, 
78, Oct. 30, L6OY 1611 The moderniz on 
ot ol 2 » Ir al r ite 


X ra 7 cs 
Guiding Principl 28 for _Beting High- _ 
Steels. H. Mi n, 8 


Oct. 30, 1611 1613 
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layout and 
the new rolling mill for 
high-alloy teels of the 
Aosta, Italy The pect _— of 
rolling high-alloy steels are dis« 
The Hot-Rolling of Mild Steel with ‘Lasgo 
Reductions. I.—Spread and Elongation in 
Hot Rolling. Z. Wusatowski serqg.-Hut 
ten. Monatsh., 1958, 108, July, 136-142) 
rhe relationships between the degree of spread, 
elongation and i the possible reduc 
tion in the hot-rolling of mild steel are investi 
gated theoretically and in the light of results 
from an ntal 2-high mill I. 
Forward Slip and Rolling Speed. (Aug., 
153-160 The amount of forward slip is 
influenced by the reduction, coefficient of 
friction, the shape of the test and the 
temperature. The influence of these factors 
ssed. III.-The Flow of Metal and 
Structural Appearances in Hot Rolling. Z. 
usatowski and B. Hoderny. 
}80) A series of experiments 
of mild steel, in relation to the 
showed that the use of heavy reductions in 
hot rolling had no marked harmful effect on 
the rolled material 
Some Practical Solutions to Hot Mill Prob- 
lems. RK. A. Smith and A. D. Patton (Iron 
Steel Eng., 1958, 35, July, 92-96). Five 
problems connected with the design and 
96-in. continuous hot strip 
They concern the modi 
lication of a reheating furnace to take larger 


ot the general pass 
rolling 


societa 


sequence of 
section of 
Nazionale 
Cogne at 


upset anc 


experime 


piece 
is ASSE 
(Sept., 75 


on the rolling 
flow of metal, 


operation ot 
mill are discussed 


slabs, reduction of furnace shutdown periods, 
and various mill modifications 
Semi-Continuous Hot-Strip Rolling with 
Automatic Programme Control. A. He garty. 
(Sheet Metal Ind., 1958, 35, Aug., 623 
A 44-in semi-continuous hot-strip 
mill with a fully programmed control 
on the reversing roughe 
duction by Jones and Lau 





rollin 
teun 
taken into pro 


ghlin Steel Corp 





U.S.A \ll an operator has to do at the 
beginning of a rolling schedule is to bring 


the slab coming from the 
the entry table and to 


earad containir 


primary mill on to 
place an LBM punched 
information on the require 
into a reader unit The 
nine information 
four-high 
eribed r.G 

Flat Rolling. ©. 8 
Starling. (Sheet Metal Ind., 
774) <A continuous strip 

Location is briefly re 
h the mill is analysed 
sport and buffer 
and their effects are 

towards simplification, 
direction of direct steel 
production and the manufacture of precoated 
sheet are finally evaluated. 

Recent Hot Strip Mill Roughing Trains. 
J. H. Greimer (Iron Steel Eng., 1958, 35, 
Sept., 151-159) Recent trends in roughing 
stand arrives on hot include the 
use of 6 000-h.p motors wu 
stand, and 


ments for that slab 
ecard will supply 
The mill ope 
finishing stands is 
High Production in 
sall and C. W 
1958, 35, Oct., 767 
onsidered 
ferred to and flow throug 
in terms of material 
and breakdowns 
rrends 
especially in the 


types ot 
luding six 
briefly des 


ration im 


an is ¢ 


tran 
stocks, 


discussed 


strip mills 
synchronous 
ie broadside 


roughers following t 


8 000-5 000 hop. wound-rotor motors on the 
latter The use of inching and dynam« 
braking equipment in reducing down times 
is discussed 


Modifications Double Capacity of Empire- 
Reeves Hot Strip Mill Line. (/ron Steel Enyg., 
1958, 35, Oct.. 161-162 By the addition 
of an intermediate roughing stand, tiving 
shear and a down coiler the rolling evel 


to double the capacity of the 


was 
modified 80 as 
line 

Selection of Electrical Beuipment for senate 
and Skin Pass Mills. / Peebles, 





Remley and R. B. Eg tg (Iron phe. 
Eng., 1958, 35, Sept., 115-128). The advant 
ages of I and 2-stand temper mills are con 
pared Phe higher cost of the 2-stand mill is 


only justified when 
Data for selectiz 
giver 


Temper Pass Mill Provides Large Power and 


high output is required. 


drive and controls are 





High Speed. A. F. Kenyor lron Steel Enq., 
1958, 35, Oct., 156 Data are given of the 
drive units employed on this installation. 
Pianned Maintenance Techniques for a 
Hot Strip Mill. J. R. Kennedy Iron Steel 
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Eng., 1958, 35, Oct., 139-144). Factors, Oct., 411-412 Practical details are given 

mainly suitable inspection and _ recording, of the repair by welding of cracked threaded 

which reduce maintenance delays at a hot fittings tor cast iron pipelines 

strip mull are described, with reference to Diffusion Welding in Vacuo. N. F. Kaza- 

experience at the Pittsburgh Works Division kov tom. Svarka, 1958, (8), 6-18 The 

of Jones and Laughlin Steel Corp state: ed pressure temperature, surface 
How to Design Conveyor Rolls for Drive or leanness, composition and properties of 


Drag. L. H Austin 
29, Sept 15, 78-79 \rrangements for 
moving metal strip are shown 
Methods of Control of Strip Dimensions on 
Hot Strip Finishing Mills. R. A 
(Iron Steel Eng., 1958, 35, 
Phis paper discusses the me 
control of 


Prod, Eng., 


1958, 


*hillips 
May, 100-106 
thods for 
dimensions in 


closer 

tandem hot 

strip finishing trains as a means of improving 
the products of the cold rolling mills 

Me Se Research in a Metal Rolling Mill. 

M. Purdon (Met. Treatment, 1958, 

a. ot , 503-507 The descriptions r 

to the rolling of Cu, but are 

ral to be 


strip 


fer 
sufficiently 
steel mills as indi- 
operational research 
s from all 
y and economics 
expected 


of interest in 
g the use of the 
method. The analy 
directions 
and the kind of 
are indicated 
Electronics Ree ao Strip Mill. 
1958, 143, Ox 27, ) A brief account of 
the proble« non-uniform heat re 
at ig: eccsondh Utah) works of U.S. Steel and 
the gauges and 


gen 
catir 
sis of the proces 


bearing theienc 





conclusions to 7 


(Steel, 


tention) 


other controls installed for 





its solution is given 

WELDING AND FLAME CUTTING 
What do the Russians Weld With? P 

Trippe Prod. Eng., 1959, 30, Jan. 19, 64 

67 DD. Swan 65). D. Vvedensky 66) 

R. J. Gasser (67) The electroslag, submerged 

are and resistance welding processes, especialls 


by automatic machines, are evaluated with 


comments by the other 


General ities and Evolution in the Economic 
Domain of Electric Arc Welding. W. Bon 
homme .: G. Jasmin Re , Vin., 
1958, 14, , S73 


welding ele« 


authors 


Improvements in 
ur effects on the 
economics of electric are welding are dise 

Submerged Arc Welding. L. Adam. (Rev. 
Vines. 1958, 14, Oct., 317-328 An 
account of the theoretical basis of the 
a description of the dev 
tion of the submerged are welding process 

Submerged Arc Welding Helps Steel Plant 
a J. Ar (Iron Steel Enq 
1958, 35, Nov., 132 137) Several examples 
of steel plant welding are given which illustrate 
the flexibility of submerged are weldi 
plant maintenance 

Electric Arc Welding under a Protective 
Atmosphere. A. Moreau Re nivers 
Mines, 14, Oct., 329-342 Some 
applications of welding 
atmospheres are described, 
non-terrous exan 
being also made to the use of CO, 

Automatic Welding under a_ Protective 
Atmosphere . Carbon Dioxide. F. G — 
hier 1958, 14, Ox 
343-349). . automat ae 
semi-automatic under CQO,, with 
particular reference to the Are« elding 
prot eRe 

Industrial Applications of Magnetic-Flux 
Gas-Shielded Seer wetaing. R32 Pelford 





trodes 


ussed. 


nivers 
process, 


‘ — ent and opera 


for 


est 
protective 
with ferrous 
use of A, reference 


under 
and 
ple s ofthe 


ve1 nivers Vines, 
deseription of 
welding 


sarc w 


and F Stanchus ld. J., 1958, 37, 
Aug., 771-778 The authors deseribe a 
number of different production applications 
of magnetic-flux welding and immarize 


hnical advantages of 


process itself was described 


economi as well as te 
the process The 
earlier 

The Use of Protective Gas as Protection 
Against Oxidation in the Welding of Alloy 
Steels. J. Wingerath and K. Boeck 
Schweissen Schneiden, 1958, 10, Der 
475 The causes and effects o 


at the weld root are examined, methods 


<haus 





preventing oxidation discussed, and the ust 
generator gas ‘ mixture of N, and H 
as a protective welding ae ri 
The Welding ‘ot Senene aston < on Cast 
Iron supeiees with Screwed Fittings. \ 


Jiirgens chweissen Schneiden, 1053, 3 


metals and alloys, on their weldability an 
pacuo are examined. \ special 


described for such welding at high tempera 


pparatus 
ipparatus 18 





tures up to 1300° ¢ Phe nents 
showed that the strength of we meta 

base metallo-ceramic alloys is depe on 
the Co content of the alloy an size, 
increasing in proportion to the ess of 
the grain {n increase in pressur ids at 
low temperatures to an imappreciable rise 


in strength, but at high temperatures to a 
rapid rise, but pressures 2-5 kg/mm* are 
not beneficial If cor dina 


osphere, not only oxidiza 


nponents are heate 
non-oxidizing atm 
tion, but also the formation of brittle layers 
and other defects in the weld zone is avoided 
The main advantage of the method is that a 
joint is formed without any noticeable change 
in the properties of 
welded M. 1 
Stability of Electroslag Welding in Relation 
Gota 


to the Properties of the Flux. Yu N ) > 


different metals which are 








SKI ») i ICH NOE Py Otet t 195 $) 
1-3 rhe character of the slag required 
for the process is discussed such as low inter 
action with the met onductivit ind are 
ippre ion Experiment Vitl various 
ixes are reported concerning es] lly the 
effects of fluorite 
Lightening and Welding: Mechanically 


Welded Steel — \ rus Re Geér 
Véc., 1958, Mareh, 175 “P Phe suthor 





liscusses some mma i] it lding 
and the fi n tl \ He then 
goes on to nsider th ispects of 
weldin R. } 

Positioners ont Manipulators. 3S. G. Maine 
Lng undryman, JOS, 24, Aug., 48-52). 
General recommendations for welding practice 
with a view to increase in outpi 

“. and _ Electrodes or Their Use. 

Werion. ’rat. Soud 1958, 12, Apr., 

67-70 A deneripti n is given of the proper- 
ties and uses electrode coatings 


Welding with OK B- Electrodes. M. Puseh 
ner. (EB. .B. Svet 1958, 23, (2), 
Srldieg of dissimilar metals and 
out repairs with OK B-electrodes is 


saren, 
25-38) 
carrying 
described 
Present-day State of Development of Coated 
Electrodes for Manual Arc Welding of Ferrous 
Materials, K. L. Zeyen Draht, 1958, 
June, 211-215; Aug., 311-316 German, 
American, and British Standard Specifications 
are summarized and compared, and mention 
is made of high-performance electrodes and 
other recent developments In ddition to 
technical information, production statistics 





of the various types of electrodes are quoted 
and commented on G.W 
The Weldability of Low Alloy Manganese 


14-G-2. \ y a 
1958, (10), 44-54 


nganese steel are 


srodskii (Avtom. 
Electrodes for 
examined and 
place in the steel during weld- 


of the steel to 


Steel 

Svarka, 
welding ma 
changes taking 
ing and the 


concentrations 


susceptibility 


and stress pea 


stress 


KS were invest 


gated No cold shortness was observed down 
to 70°C. The properties of both the steel 
and the welded joints were good, provided 
the steel was satisfactorily deoxidized during 
its production M. T. 


Sound Welds Reported for Resistance- 
Welded Low Carbon Steel Pipe in Evaluation 


Tests. K. ¢ Bertossa Western Metal 
1958, Oct., 48-50 The equipment - i 
process for the high-frequency resistance 
welding and induction normalizing Ww 
carbon steel pipe are described Tr nine 
was subjected to API tests for line pipe and 
to the ASTM test for resistance-welded steel 
pipe These tests 1 luded che ical analysis, 
hydrostat tests, tran rs , tests and 
metallurgical exan ition Sound, « tile 
welds were prod edt the metl ment ned 


Special Structural Peatures of ‘Spot Welds 
between Different Metals of Small and Unlike 


AUGUST, 1959 





Thicknesses. V. FE oravskii and A. A 
Rossoshinskil lwiom. Svarka 1958, 10), 
90-96 \ metallographu made 
of such spot welds It was found that fusion 
is not essential to prox e good quality welds 
If fusion does no trans- 
formation or recrystallizatio ikes place. 


AnaiVvsis Was 


vstallin 


During the lding o ate which have 
no tendene o fort ittle harce 
in the 
tures are I 


ned layers, 
ind the spot, fine-grain struc- 
{i which | high plastic and 


perties imost all 


area aro 


combpina- 


ined by 


strength pro 
tions of metals and 
this method M 
Effect of Niobium on the Structure of Welds 
in a 18-8 Steel. (. G. Mukhin and 
N Pal chuk 1 wt arka, 1957, 
10). Upto Nb shan addenes 
prevent ri es, ‘orrosion In solid 
solution it ation and a 
second phase of combined Nb is also observed, 
Various have been identified in 
higher Nb steels. In welds it is predominantly 
a carbide and high contents 
may hot cracking The 
sigma-phase formation and various 
ageing treatments were used Metallographic 
and X-ray made and the phases 
appearing wet identifies it 2%Nb, 


be Nb and Fe,Nb ly ‘re formed 


3may b 1¢ 


promotes ferrite forn 


carbides 


forming element 
work described 
was on 


studies w 


luring 
welding in addition earbide and H-phase 
in heat treatment. Phe H phase I 
ductility, it morphous with yx-phase 
found in Mo rma-phase 

prolonged tempering ¢ Hi { 
and H-phase th » § » both 


duces 


with 


mpact strengt nd duetility 

New Welding Processes. ‘. \\ 

Weld. Met abr., 1958, 26, Sept., 
An illustrated revi given of CO, procs ‘ 
lual-gas shielding, « isonics, bonded fluxes, 
electron ” m I ln, at Malic pipe joing 
and H.F. resistance welding methods 

Welding at the Service of daeg Gas-Field 
gt - s P. Berthier, R nous, J. Souviron, 
i. Terminet and ¢ _ ynes Soud. Techn 
Conne 1958, 12, pt.-Oect., 357-364 In 
the recently discovered gas fields at Lac 
problems have arisen due to the high pre 
(670 kg em*), temperature 140° ©), high 
H,S content ip » 15° and high output 
of the gas. Welded parts are inspected with 
special care and all ass 
relieved rhe gas washing 
of a 0-3°,.C steel of g 


is 


ssure 


mblies are stress 
made 


sistance 


towers are 
vod corrosion re 
After stabilizing, 
{with a 17Cr-12Ni 
thick. The re 
purified gas does not 


under prevailing « 
the lower sections are 
2/2-5 Mo steel 
covery 


ynditions,. 
fitte 
lining 3 mm 
plant carrying 

present S pene tal di « ities, 
Pn, Welds Thin Steel Vetalu 
02, Nov. 7, Welding 


sheet tor automobile 


R. P. 
Parts. 
*rod., 1958, 1961 
of 29 gauge mild steel 
shielded are is 
» making use of the new Dy 
Leactor ower supply. 

co, Welder Makes Casting Repair aire 
J.J. Chyle. (Steel, 1958, 143, Nov. 17 
112 Phe applications and 
CO, welding are considered 
in the toundry is for carbon 
it can be i some low-alloy 
Advantayes: low ex largely due to 


gas), visible are, G flux, deep 


construction with a briefiy 


describex nami 


adivantages 


gra 
cheap 
penetration, 
high g. elimination of hy 
embrittlement 
operation D.L. C.F 

Fabricator Sets Up ‘ Countdown” To 
Ensure oe, Quality Welds. RK. F. Gurnea. 
( 1958, 182, Nov. 27, 65-68 The 
production of 16 in. diameter staink steel 
elbows for 


quality e drogen 


and suitability tor automatic 


ron Ade 


a nuclear reactor cooling 


I em is 
described The main emphasis 
tensive testing 
production step, to ensure 
product I L. C.F 
Some of Iron Castings by Welding. J. ( 
egrinoe ( indry Trade J., 1958, 105, 
v. 6, 573 ; Are welding shows econo 
mies Over gas \ Work done by Genera 
Motors is deser linder-head castings 
eut into 6 part nd holes { cavities bored 
into the suriac ° ec and ga welding was 
compared by n lime 
and labour cost id the 


that Was carrie 
each 
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t arc-welding equipment was largely 
offset by decreased mainten 

Post-Weld Treatment of Welded Units for 
the Relief of Stress. S. J. Watson Weld 
We Fabr., 1958, 26, Sept., 318-322 Heat 
treatments are described, either of the whole 
part or localized, and tests are outlined for 
residual stress 

The Improvement of Welded Structures by 
Subsequent Forging Operations. W. Kk. Wol- 
lering and | H. Lundby S.A.F T'rans., 
1958, 66, 261 SAE 4340 is usual 
n ductility at welds made from electrodes 
{ irdness. Hot-forg 
shown overcome this 
Phe process and the structur 
deseribed kconom are claime 
method of tabri 

Magnetic- Force Welds Join Vinyl-Clad Steel. 
F. R. Park Vetalw. Prod., 1958, 102, Nov 
28, 2079-2082; Prod. Eng., 1958, 29, Sept. 1 

5 A process using an ail linder fo 
| holding and an lectromagnet for 

controllable precisely-timed welding ree 
in conjunction with a welding rrent lasting 
protect 


ower 


comparable h 
gre itly to 


ition 


) 


only ~ 1-5 millisee. to 
is deserbed. 

Magnetic-Flux Gas Shielded Arc Welding. 
J. E. Dato. Iron Steel Eng., 1958, 35, Sept., 
160-165 This proce tended to fill 
the gap between m overed electrode 
welding automat producti n units, 
The principle, operation, and appli 
itions of the pre » described 

Fabricating Plastic-Clad Sheet Metals. 
Weld. Met. Fabr., 1958, 26, Aug., 294-297 
Welding methods are described 

Co-operative Investigation of a New Welding 
Electrode for Stainless Steel. Kk. D. Wylie 
1.8.M.E. preprint, 58-Met-6, 1958, 

Frials with Croloy 16-8-2 and the pr 

f the welds l review 


and weld metal are 
A Comparison of Methods for Assessing 
Spot Weld Ductility in Sheet Steels. J. 
rench and A \ Wells Soud Techn 
nnes 12, Sept.-Oct., 3 3S 
ir, torsion and hardn 


carried out on spot welds depo 


iting 


und fully 
some 


cess are 


1958, 


us « litions on four ste 


to 0:-20°.C, the thr 

en 1-2 and 2 mm Phe 

n the various tests 
d with theor 


ons can be 


ons betwee 
mpare 


refer- 


Function Stability of Arc 
Unalloyed ant Low Alloy 
M. Nore Jernkont. 
Weld 
functional stability are discussed 
the latter overing the whole 

construction Factors bearing « 
ticularly brittle fracture, are discussed and 
tlement not 


hces 8. F 
Metallurgical 
Welded Joints in 
Structural Steels. ‘| i 
lnn., 1958, 142, 11), 661-719 


ability and 
as concepts 
m these, par 
erack initiation as well as embrit 
cracking are considered rhe concept 
strength is then 


disting 


causing 
of nominal cleavage 
duced and t es of stability are 

36 refs. 

A New Method for the Betetion of Internal 
Welding Stresses. W. Rack Schweissen 
Schneiden, 1958, 10, Sey 351 358 Internal 
to we can be dete ed with 
ceuracy by esting specimens in 
NH, nitr: lution ae iol 


describe 


s due 


0 examine 
1 Several examples 

bility of the method 

Co-operative Research Regarding the Re- 
producibility of the Controlled Thermal 
Severity Weildability Test for Low-Alloy Steels. 
L.1.W.-Commission I Soud. Techn ( 
nexes, 1958, 12, Sept.-Oct., ; 
test describe - est r 
levelops 


are piven 
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Prevent Hot Cracking in Welding. 
Prod., 102, Oct. 31, 1908 


AUSOS ina protection 


LU5s, 


briefl 
Weld Flaw Evaluation. 

and R. F. Li nmevyer 

Bull. Series 42 


L958, Sep 


ire 
and if cto 
sidered and cra 
The import coal aes tress is pointe ) 
Joining of Metals in Solid State by Ultrasonic 
Vibrations. Yu. I. Kitaigorodskii, M. G 
Kogan, \ A. Kuz N.N t alin and 
L. L. Silin I tkad. Nauk td 


1458, (8), Non.-ter i xKarmmples are 


rmat 


netsova, 


yiven 
Wade Furnaces for Brazing Stainless Steel 
and Heat-treating Jet Pipe Assemblies. 
Machinery, 1958, 938, Sept 17, 645-647 
Equipment installed by J Lucas Ltd. at 
Burnley ts deseri i 
The Hot Strength of Brazed Joints Made 
with Various Filler Metals. [3 
Soud Techy Connexe 1958, 12, 
April, 101-106 I i is 


and res 


” Investigation into the Weldability of Flame 
Treated Surfaces. H. Schmidt S issen 
1958, 10, May, yi 73 rhe 


aure 


Schneiden, 


basic 
furthe 
vivocated R. I 


this direction are 


Approach to Equilibrium Conditions in 
Molten Metal and Slag during Arc-Welding: 
Alumina-Silica Fluxes. W. M. Conn 

hneiden, 1958, 5, May, 174-180 rhe 
1 y ftluxe for submerged 
miclitior for testing 


f teet 


SCHWEOIUR~ 


s are given and 
travel o 3 bubble through 
Phis 


ietal and sls re considered 
i of the influence 


msideration 
tension, 
vstallization nd m ing, thermal 
14 references) 


ductivity and also diffusior 


Evaluation of Spot Welds Made Through 
Primers and Sealers. 8. A. Schevo We 
J 1958. 37, Aug., 799-802 \ number eo 
very different steels were pri and sealed 
and the effect tested b w?rosior 
Spot 


behaviour. 
welding performe satisfactorily 
through one primer and four sealers sé 

sat é wily preven Vater leaks on jomte 
whi h sea le pplied to the facing sur 


was 


r. 
_ Radiographic Control of Welded Structures. 
R. Ru en. Teen. Solda., 


Sept ct.. The 


1058, 
prin les of radio 
and 

welded j i discussed 
Comparison of Different Methods of Evalu- 
ating the Ductility of Resistance Spot Welds. 
French and A. A. Wel Rivista Ital 
1958, 10, ey t 191-208 


experi 
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nical data are given in table form. (17 
relerences D 

Equipment ‘for Torsion ouating Resistance 
Spot Welds. T. M. Rober ivieta Ital 
Soldatura, 1958, 10, Sept AB ng 188 190). 
In Italian The 






2uthor describes a new t 


ype 
of tor n testing machine for spot welds The 
machine is power-operated and records 
graphically torque and angle of failure The 


operation ina alibration of ti 
machine are discussed and records of typical 
tests on four different steels are given 
The Connection Between the Hardness and 
the Microstructure of the Fusion Zone of 
Austenitic Joints in Pearlitic Steels and the 
Chemical Composition of the Steel and the 


design, 


Joints. L. 8. Livshits and L. P. Bakhrakh. 
(Avtom. Svarka, 1958, 10), 81-85). The 
hardness, and probably the brittleness als« 

of the fusion zone of pearlitic steel with an 


icing the 
and the Cr ec 


austenitic joint is decreased by red 
carbon ¢ 


of the austenitic joint, 


ontent of the steei mtent 
hand 


ontent of Ni in the weld 


and on the other 


by increasing the 





and of elernents in the steel which form more 
stable carbides than those of Cr in order t 

reduce the hardness and improve the homo 
geneity of the fusion zone of pearlitic steel 
with an austenitic joint, intended for operation 
at elevated temperatures, 18-8 austenitic 
electrodes hould be used, not contaiming 


Ni, Ti, Mo, W, for the welding of steels alloved 


with Mo, W or V, either separately or intly, 
in such quantities as will ensure onversion 
of the carbo: Im the teel into the relative 


carbides M. 1 

The Problem of the Primary Crystallisation 
of the Weld Metal during Fusion Welding. 
M. I. Razikov (Avtom. Svarka, 1958, 
60-62 During the welding of teels the 





molten austenitic grains of the ba metal 
along the line of fusion form ba for the 
growing columnar dendrites of the weld 


metal Thus the graiun size of the metal of 
welded joints is to a larg lependent 





on the grain formation of the base metal 
along the line of fusion at the mor t when 
the dendrites start to grow To reduce the 


dimensions of the dendrites the grain growth 
of the base metal should be restricted to a 
minimum M I 

Research into the Distribution of Hydrogen 
in Austenitic and Ferritic Welded Joints in 
a Alloy eee. A. M. Makaré I. 
Lakomski und | ’, Zhovnitskii Lvton 


Sva t, rs, a (1 4 16-31 The autl 





defir ferritic and austenitic weld 5 th 
with a atrix < i ron 1 ect 

It wa nd that in ferrit i harden 
able steels H, is pr Ar.UY | i from the 
weld metal, and mm austenitic joint m the 


H, distribution is almost 


unift ilong the length of a weld Over a 
cr etior in rusteniti weld u 1reas 
adjacent to the heat-affected zone the H, 
content rise harply, but in ferrit welds it 
fall light and in | 
hig! n the sur la 
of t veld In area 
LOT nm ¢ t t wit t 


piven I 
s the H content 1s 
than that of the base mets 
of the weld metal witl 


but falls abruptly in prop 








fron the fusion zone boundary Under 
ider ‘ litions the H, content in the 
he iffected zor { 1 nitic wel is about 
six tir is great as in rr ia ihes 
cdiserey $ ar xpl i y t H 

ylubil tl olten metal of nd the 
high i atior rat ‘ tl } pheral 
sections ol, mistenitu welds, and the rate 
and duration of H, migration in ferritic welds 


from the f me boundary Mi 
Crac ks in Alloy Steel Welds in ihe Zones 
Affected by Temperature _ H. Seki 





guchi and T. Kobayashi v. Ita lidatura, 
1958, 10, May-June, 108 114 The authors 
distinguish four types of cracks: Toe cracks, 
underhead cracks, transverse and longitudinal 
cracks—on transverse and longitudinal sec 
tions of small square specimens of Ni-Cr-Mo 
steel on which weld beads had b posited 
Based on a large number of cracks investi- 


gated, the authors claim that } iros 
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reat influer only on underhead cracks 

limes between the end of welding i the 
eginning oO erack-formation |} t n 
corded and it 3 sh n that t . 
anf related t rtensi cont ti tie 
oint Finally, three welding procedures using 

neat treatment to prevent these cracks are 
scribed D. J.B 


Cracking Due to Welding in the Transforma- 
tion Line of Air-Hardening Alloy Steels. H. 


Sekiguchi and T. Kobayas! ( Teen 
Solda, 1958, 8, Sept.-Oct., 2 24 Four 
types of f I re d u {in w led 
Ni-Cr-M eu ther i issed 
und met is pre s 1 


TIVE COATINGS 
Hot Galvanising ae in U. Ss. ~ A. S. 
McM be adlanaes 


Baldwin and W. 








Met. Fin., 1958, iL Aug 274 Ms Sept., 
319-322 Phe nore important aspects of 
American practice which have led to produc- 
I 

tion of better coatings, and reduction im the 
amount Of zine iost a il 3 are nsid 1 
Wire galvanizing, sheet and gai ith I 

and the nature i the zinc coating are brietiy 


described 

Some Considerations in Relation to the Hot- 
a Galvanizing of Guard Rails. H. Bablik, 
F. Gotzl an Nell We hi J., 1958, 
4, Aug Zine alloy formation in 





the thick coating of pearlitic steel and the 
effects ~ previous filing, which greatly 
accelerates the reaction are discussed ar 


i 
istrated as are the effects of Al in the bath 
RTB’s Continuous Galvanising Line. Brit. 
Steel., 1958, 24, Aug., 268-269, 27 An 
illustrated account of the train producing 
Speltafast.’” Automatic Galvanising Plant. 
Engineering, 1958, 186, ly 18, 78-79 
An account of the Armco-Sendzimir inst la- 
tion at Ebbw Vale is Continuous 
Galvanizing of Steel Strip. Vetallurgia, 
1958, 58, Aug., 76-79 An account of the 
Ebbw Vale installation. New Galvanizing 
Line: Further Details ¢ of R.T.B. Plant. (Jron 
Steel, 1958, 31, Aug., 390 
Strip Preheat Ends Gatvantaing Pot Down- 
time. FE. J. Udick and C. ; in. 
Iron Steel Eng., 1958, 35, Aug., 145 
the use ol a special direct -fire 
without oxidat 
xing 18 eliminated and the req 


ath =temperature is maintainer 


] ] 


given. 


furnace, 





‘New Radiant ‘Tube Furnaces for Processing 
in Getranteing and Patenting Lines. W. D. 
Bawde Wire W pP 1958, 33, Au 
885-887, 922-925 

Electrodeposition of Iron-Zinc Alloys from 
the 4 pony, wo Bath. inta Dree and 
» boning ao Che J. Sct. Indust. Res., 1958, 
17B, 439 440). Bath compositions and 
neratine eds litions are el The lepos 
irther examined 
Prefiux Solutions from Galvanizers’ Sal 
—— P. M. Sullivan, D. H 








are being f 


Chambers 


Berne Met. Ind., 1958, 93, 
en 12, 493-496 Both water and acid 
leaching processes are effective Control 
of pH, de ns and Cl content is sufficient for 


control 
ow Electrolytic Zine Coatings. R. 
Ind., 1958, 98, Nov. 28, 


fourcel Met. 





454 The lropicalization 
rribed Supplementary coating « 
considered 

"ew Lining Methods. Ww. F 
Korr., 1958, 9, Aug.-Sept., 557 , 
of vessels of all kin “ in the chemical industry 
must be resistant to chemical, thermal, and 
mechanical attack, and to swelling. The 
latter ter s defined in detail The use of 
plastic-impregnated graphite plates is advo- 


ated I J. 1 
Third Electrolytic Tinning 


at Pittsburg, 
Plan 


Line Installed 
California. (/last Furn. Steel 
1958, 46, Aug., 872-873 

On the Origin of ** Coloured Spots ” on Tin- 
plates. N. l. Sandler and G. G. Solov’eva. 
Stal’ Supple r 1 Heat Treatmt., 
surfaces of plates 
es show matt 
remain uncovered by the tin. 


» 247-250 rhe brigh 
prepared for tinning son 
spots which 


1958 

















Investigations, with spe nstruments are 
described. The fin s show tt spots 
appear after annealing the rolls with the steel 
sheet and suggest a thin oxid r ifficult 
to re i } I ! 

vith ¥ l ng Bb ) t s t I 

str t 


Whats Inside ‘the Coil R. R. Davisson. 
Steel, 1958, 148, 8, 106-110 The 








vrowing tendency to purchase tin plate in 
3 is ied to the de i ment ol itomati 

scanning equipment té heel iality before 
I \ tyr uf sosyst I 1 total 

1 t i 49 i tto coa 

} i A 1 « i a 8 il lap ( 

pr me, menders and waste, coil number and 
ht, Vr number i date 


The ‘eaeeten of Surface Characteristics of 
ae on De-wetting by Lacquer. 5. UL. 
Britton and K. Bright Sheet Metal Ind., 
1958, 35. 679-684) 

Aut tomatic  Seaendi ally 
plating Plant. Vet. Fir 


Operated Electro- 
1958, 4, Oct., 





400-402 A new Cd-plating plant at Slade 
(reen I t ad 
High Speed ‘ine ‘Plating. E. J. Roehl 
lectrojz . Fin., rey Sept., 299-301 
Producti rass-] i teel strip is 
leser 


The Electrodeposition of Iron- Molybdenum 
singe. L. O. Cas 1 A. Krohn 


Glectrochem. Soc., 1958, 108, Sept., 512-520). 
A spe il cell rotating t irical cathode 
between wiper biades, whi ti ncre s 
« vas ad sea i t | 
producu bright adherent d are rid 


iown 
Metal Spraying in Relation to the Corrosion 


Process. J Franklin. (Corros. Techn., 
1958, 5, Oct., 323-325 Spraving steelwork 
with another metal nor ‘ Zn or Al) 
gives cathodic protection which | use of 
h kness of coating is long stir Various 





ations = the type of equipment used 
are dIiscusst 


Materials ‘Siece: Finishes and Coatings. 





Mat. Design Eng., 1958-59, R e Issue, 
48, Mid-Oct., 259-277 labulated data on 
onversion coatings mod , cnr nate, phos- 
phate nd oxi on i-ferrous 
metal re given Cr nd Ni baths 
ire g n and pretreatmo! ted Zn 
nd Cd baths, sprayed « I ! inical 
finishes for inl ste iA Cu), 
eneral properties f | l nin 
all j-urea styr i i \ henolic, 
alk yd-silicone nd pl 3 

1e8, Cy | | yxy 
il ilk i ted Tf re a 
acrvlate r r butvrate 
coatings; porcelain enamel and pr rated 
metals, é ow! 


The Study “ot the Passivity of Metals in 
Inhibitor Solutions Using Radioactive Tracers. 
lL). M. Brasher and 1. Ku I l'rans 
Farad. Soc., 1958, 54, Au y 1214-1222). 
Part I. The Action of Neutral Chromates on 


Iron and Steel. KrCrO, labe with “Cr 
wa ised and log growth of an oxide filn 
similar to that in air was demonstrated An 
1dsorbed layer containing Cr is 0 shown to 
be present Inhibiti rsist I is 
chromate ion is suflicient to sustain growth of 


the oxide fin 

Roto- Finish ‘and Corrosion Control. Db. J. 
5, Sept., 
A description is given of the Atram 


sphating solu 


Corros. Techn., 1958, 





metali-cleanims ennique introduced from 


Continental practice by R to.Finish Ltd 


Volvo Mechanises Its Phosphating Line. 
Steel, 1958, 148, Aug. 25, 100-101 The 
phosphating machine at a S list ir-body 
plant is described Bodies ar 1 ed 


through the plant at the rate of 33 per h 





Oper: ti ms ar deg iL water rinsing, 
ph 108 ting, water Zz, aul hromate 
I ng ing, and application of air-drving 


svnthetic pri 





Sacrificial Metals as a Base 
Coatings. K. Tator Ind i; 
1958, 50, Aug., 77aA—-78a). Galvanized or 
Al-coated steel protected 
synthetic 


for Organic 


J Chem., 





inyi or other 





resin coatings si esistance 


to weathering 
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Plastic Linings and Coatings for Steel Water 
Pipe. G. KE. Burnett — ( EK. Selander 

Amer. Water Wo issoc., 1958, 50, 
a ° 1065-1075) Ts Ag ot plastic Ss are 
briefly described 32 rets 

Protecting Steelwork with Epoxide Enamel. 
G. A. Dell. 1958, 5, Sept., 
291-292). A description of the properties 
of epoxy resins cured with a polyamide-type 
resin, with the characteristics of the resultant 
enamel. —— reference is made to one 
proprietary epoxide enamel, 

Sheathing ‘ot Electrical Conductors, Cables, 
Iron and Steel Wire with Plastics. U. Finck. 
(Wire, 1958, June, 36-38 The principles of 
operation of serew extrusion cath mene for the 
sheathing of wire and stranded products are 
explained and typical machines are described. 


(Corros. Techn 


PROPERTIES AND TESTS 

New Testing Method for Supplies of per for 
—_ Barrels. 1. Alme. (T'ekn blad, 
1958, 105, Nov. 20, 1024-1025). The NATO 
agreement for standardization of testing 
methods is compared with the 1937 Norwegian 
specification for testing gun barrel steel. 

Contribution to the Study of the Damping 
and Ageing of Iron-Carbon- Phosphorus 
Alloys. W. Dickenscheid and H. J. Seemann. 
Rev. Mét., 1958, 55, Sept., 872-875). An 
investigation of the influence of C and P 
contents on the damping characteristics of 
iron is described, for C contents 0-02 and 
P contents between 0-015 and 0-17°). 

Contribution to the Study of the Improve- 
ment in the Ductility of Low-Alloy Steels. 
G. Delbart and F. Maratray Rev. Mét 
1958, 55, Sept., 876-888). An examination 
of two casts containing 0-8-1-0°, each of 
Cr, Mn and Si, both low in carbon, but 
containing 0-016 and 0-006°,)S respectively, 
showed that the ductility of the latter cast 
was superior. Additions of 0-20°,,Mo to each 
cast reduced the difference in ductility without 
removing it entire ly 

Boron-treated Cast Steels. W. J. Jackson. 
(JIST, 1959, 192, Aug., 350-361 This issue 

The Process of Relaxation at a High Tem- 
perature. ©. Boulanger. (Rev. Met 1958, 
55, Sept., 889-898). \ description 1s given 
of tests, using a specially designed hysteresis 
ipparatus, in which the modulus of elasticity 
and internal friction of various metals and 
alloys are investigated as a function of tem- 
perature 

The Flow of Impurities to an Edge Disloca- 
tion. K. Suille mah anc .. C. Newman 
Pre Roy. Sor 1959, 249, Jan. 13, 427-440). 
A eslouiation of the number arriving as a 
function of time is presented. Experiments 
on the strain-ageing of steels were in excellent 
agreement 

High-Temperature Cryometry. (:. Petit. 
(* Bull. Soc. France, 1956, 230 
243). The theory of the extension of the 
ordinary solution and dilution laws to molten 
and experiments on various 
g slags and the apparatus 
described The solution of Al,O, 
in ervolite is worked out in view of its electro- 


Chimique de 


systems is given, 
systems resembling 


used are 


chemical importance 

Activity Coefficients and Chemical Poten- 
tials of Solute Elements in Molten Iron. Jl. 
Horikawa. Tetsu to Hagane, 1958, 44, May, 
533-541). The letting model of liquids is 
applied to molten iron contaimimy, foreign 
elements Theoretical « XPressions for chem- 
ical potential and activity coeff. are Me ae 
using a method analogous to that of Bragg and 
Williams. These apply to the cases of three 
interstitial elements, three substitutional ele- 
ments, and two elements of each type. (12 
references). z. J. 

_— Solubility of Carbon 

M. Li 


’etrova, 


in Alpha-Iron. 
a and L. A. 
958, 121, (6), 
and apparatus for 
the determination of the quantities of carbon 
in a-iron are described It is based on the 
of partial pressures of CO and 


at awa ' Doledy. AN., i 
1021-1024). The method 


measurement 
CO, in the 
of iron and calculating the 
stant The results of the 
the solubility of carbon in a-Fe 


gases circulating over the sample 
equilibrium con 
determination of 


below and 
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above the eutectoid given 


and discussed. The 


temperature are 
data obtained can also 
be used for the calculation of the amount of 
carbon in a-Fe in equilibri im with austenite 
and for the exact determination of the bound 
ary law between austenite and ferrite e..%. 2. 
The Role of Iron as an Acceptor in an Iron 

Carbon Alloy. [. frantsevich, D. F 

Kalinovich, 1. I. Kove — and V. V. Pen’kov- 
skii. (Doklady A.N., 1958, 121, (2), 277-279). 
The st idy of strength of bonds as conditions d 
by a donor-ac ceptor factor helps to elucidate 
the heat-resisting properties of Fe 
The present experunents consisted oft annealing 
carburized iron wires covered in their central 
part with “Fe, at 900 —1100° C during 
of 12-40 h. It that the 
atoms become ionized and migrate to the 
cathode, and the electrons thus liberated fill 
the vacant places in the d-level of iron atoms, 
Che displace 


alloys. 


peri rds 


was found carbon 


which move towards the anode 
ment of the active zone, the velocity of the 
movement of the zone and other numerical 
data, are given in tabular form.—-s. I. T. 

Solubility of Carbon in Ferrosilicomanganese. 
P. V. Geld and M. 8. Petrushevskii. (Doklady 
A.N., 1958, 120, (1), 144-147). The solu 
bility of carbon in Fe-Mn-Si alloys containing 
up to 50°, of Si at 1460° C in the atmosphere 
of argon was determined, and a set of empirical 
equations was calculated and various diagrams 
constructed s.1.% 

Activity of Carbon in Liquid Iron Alloys. 
: Chipman and T. Fuwa (Tetsu to Hagane, 
1958, 44, Mar., 215).—k. sg. 

Effect of Silicon on the Solubility of Oxygen 
in Iron and Chromium Melts. V. V. Averin 
and A. M. Samarin Doklady A.N., 1958, 
120, (6), 1253-1254 The influence of up 
to 1-5°Si on the solubility of O, in liquid 
melts of Fe and Cr at 1600° C was studied 
It is concluded that the addition of Si lowers 
the solubility of O, a the addition of Ni 
does not affect it S.1 

Mn-S Equilibrium in " c-Saturated Molten 
Iron. IV. On the Desulphurization Product. 
M. Inoue. (Tetsu to Hagane, 1958, 44, Mar., 
219-221). The apparatus includes a graphite 
crucible and furnace telationships are 
shown between the Mn contents in a slag 
containing Fe, Mn and 8 and in the metal, the 
Mn and 8 in the metal, and the MnS content 
in the slag and Mn content in the metal. 

K. E. J. 

Equilibrium Constant of Reaction. Al,O,(s) 

2Al 30. - Araki. (Tetsu to Hagane, 
1958, 44, Mar., 217-219).—k. £. J. 

Temperature Control and Strain Measure- 
ment in Tensile Tests at High Rates of Heating 
and Loading. 13. F. Billing and M. 8. Bin 
ning. TIDU 6014, List 971, pp. 16). 
Apparatus is described for both manual and 
automatic control of the temperature of a 
specimen heated to 1200 than 30 sec 
»y heavy a.c. and held for up to 30 min. 
1100 is 
measure 
ment and recording of strain enabling a 0-2, 
proof stress to be reached in about 10 see, 

Comments on the Results of Tensile Tests 
and Fatigue Tests on Butt-Welded Joints in 
Alloy Steel Tubing. M. 8. Fisher. (T7DU 
5715, List 970, pp. 13). Welds in drawn 
and blued tubing had fatigue limit 
between 11-8 and 9-0 tons in® irre 
of composition and tensile strength of materials 
Hvydrogen-are welds were slightly 
than gas welds, but the 
significant Metallic are welds 
are stronger in tension, but much weaker 
in fatigue Flash welds gave the highest and 
consistent results Simple heat treat 
improvement. Gas-welded 
repairs of broken or faulty joints were satis- 
factory in tension, but tended to be low in 
fatigue strength 

Study on Stress-Rupture Characteristics of 
Tubular eg H. Marnoka Tetsu to 
Hagane, 1958, 44, Mar., 424-426 The test 
machine is described, and results are given 
for tubes in 18 Ni-LOCr—-Nb and I8Ni-lLO0Cr-Ti 
steel K.B. 2. 

Material Rating Based upon True ence 
Strain Peopertion. J. Marin and M. G. Sharms 


eld. J., 1958, 37, Aug., 375s-—378s). The 


in less 


An extensometer for use up to 
described as well as a method of 


values 
spective 


or joint 
stronger difference 


may not be 


most 
ments gave no 


401 
authors present «a study o iaterial ratings 
based upon the nominal and true mechanical 
properties in tension ihe re ilts 
these two rating t the ume T . 

Determination of the Transition Tempera- 
ture and the Notch Brittleness of Steels by 
Static Tensile Tests. (. I’feiffer Jernkont. 
Inn., 1958, 142, , 720-730 \ test in 
which the te pou 1 have a 
of at least 1 
otherwise 
better related 
test-bar of fixed size A cold-pressed notch 
of small bottom radius is d and in 


show that 


are me 


width 
thickness, but 
variable 1 eseribed which 18 


to practical conditions than a 


cases the bar was afterwards tempered 
on non-agemng ship plate showed 
pressing igh to sta brittle 
Two methods of tinding the te 
which brittleness appears are given, one 
measiirement of tateral contraction. 
Studies on the Bending Test of Forged Steels. 
III. Influence of Non-Metallic Inclusions on 
Bendability. IV. Influence of Micro-Structure 
on the Bendability. H. Ishizuka. V. Influ- 
ence of Hydrogen on Bendability. VI. Distri- 
bution of Plastic Strain on the Bent Surface. 
S. Onodera Tetsu t 15, 
Mar., 397-400; 400-401: $03; 403 404 
IT. Correlations are ¢ nd test 
results and distribution itio and thickness 
of large inclusions, and al ean cle 
tested } various CGakushir ethod IV. 
rhe relationship betwee test results 
and pearlitic grain size i ow! For good, 
indifferent and poor resul he bend test, 
the Widmanstitten structure and _ tensile 
prope 


various 


was enot 
mperature 
being 


. 
een be 


inhiness 


‘Thies ure showr Pr yperties ot 
specimens from a 0 ( teel forging 
with hydrogen seyreyation. 


ind Ni-Cr- Mo 


are compared 
VI. Re 
steel kK. 8.2 

Studies on Shock Resistance of Steel. II. 
Some Experiments on W Co, Cr-Ni-Mo and 
Si-Mn Mo Tool Steels. M. Tanaka Vippon 
Kinzoku, 1956, 20, Some 
results of static and dynar bend 
and of deformation test are 
md these are 


ults are given for plain ¢ 


Nov., 626-630 
y testa 
specific com: ercial steels, - 
pared tor shock-resistance and alli d proper 
ties K. I J 

The Influence of Heat-Treatment Schedules 
on the Anisotropy of the Properties of Tool 
Steel Sheet. fb. I. Astroy Metall. Obra 
Met., 1958, (9), 33-38 Steels USGA and 
85KhF were used in the form of cold-rolled 
sheet and bend -t« 


strip and carried 


out as well as tensile and imps n the 


direction of rolling and at 45 and § to this. 
Magnetic smsotropy vas 

Above the 
the anisotropy ue 1 
one-third and stallographic anisotrop to 
about one-half After hardening in oil and 


eritical normauzation 


to hibre 


tempering and after stepwise and isothermal 
hardening the anisotropy as th of ordinary 
annealed or normalize ste Inclusions 
increased the amount of otrop 
On the Plastic Bending Test. ~~ = 
Tetsu to Hagane, 1953, . Mar., 405 
Study on the Hot-Ductility of Steels. 
Study on the Hot Torsion Test. Morisl 
Tetsu to Hagar 1958, 
The test 
to have fairly good repr 
acy It is more . 
tensile or im 
ven for carhe wd 
of MnS on hot 
Determination of the Relationship between 
the Shear Moduli of Pure Iron and Fervoms 
Oxide at 20 C. M. Cagne i le 
Moreau ( } Re 8, 247, 


2002 


apparatu is 


effect ype n 


2003 ene 
in torsion by the compou 
were made on iror ’ ze netrically at 
There ) 
thickness « the oxide avers i re shear 
modulus of the oxide vut half that 
of the tron 

A Study of Impact a. Strength. N.N. 
Davids ov and | jelvareva Vetall 
Obra Met 1058, 15 he effect 
specimen SIZe Wwe i stigate on 5kKh 
S0KhGSA 
600° ¢ Values « iu t eli t corres 


RRO 


of 
and 


teeis alte ten ri 2 or at 
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402 


were calculated. 
above does not account for 


ponding to 100000 cycles 
The size effect 


differences between static and dynamic 
fatigue tests. The concept of a “ dynamic 
effect relating the static value to rate of 


load application is developed and this changes 
17% in passing from high to low temperature 
tempering 

The Influence of Ferrite Banding on the 


Impact Properties of Mild Steel. W. 5S. Owen, 
M. Cohen, and B. Averbach Weld J., 
1958, 37, Aug., 368s-374s). The Charpy 
prope rties of a severe iy banded ferrite— 


earlite structure were compared with those 
of a random ferrite-pearlite distribution. 
Both types of specimens were prepared from 
the same steel by suitable homogenizing 
treatments. The results show, inter alia, 
that the brittle fracture properties are not 
affected by the extent of ferrite-pearlite 
lamination nor do they show any anisotropy 
even in severely banded plates 7. G. 

Effect of Sensitizing Treatment on the 
Low-Temperature Impact Value of Austenitic 
Stainless Steels. Y. Fukase. (Vetsu to Ha- 
gane, 1958, 44, Mar., 344-346) K. E. J. 

Determination ot Notch- Toughness by Means 
of a Small Specimen. V. Koméarek. (Acta 
Technica, 1958, 3, (1), 26-57). A new form 
of small specimen for notched bar impact 
testing is described, and the results are 
assessed. 

Oxygen and the Strain Ageing of High- 
Purity Iron. W Jainiche and H Beck, 
(Arch Eisenh., 1958, 29, Oct., 643-651). 
Experiments showed that O, influences the 
hardness of high-purity tron in a similar way 
toCandN. The temperature of the maximum 
hardness value with pure iron melts containing 
O, was substantially higher than in alloys 
containing only C and N 

LI.W. Commission XII. Fatigue Tests. 
Monographs on Fatigue Failures. Report on 
Fatigue Failures in Fatigue Machines. \W. H. 
Munse. (Soud. Techn. Connexes, 1958, 12, 
March-April, 148-151). The author discusses 
fatigue failures in fatigue 
Failures after about 500 000 000 
parts, starting in fillet 
| stresses in the weld may be 
responsible and small cracks in the weld bead 
may serve to initiate failure.—R. P 

The Fatigue Strength of Weld Metal. 0. 
Kiro icta Polytech. Scand. 1958, Mechan- 
ical Engineering Series No. 3, pp. 26). The 
fatigue gth of metal from various types 
of electrode, and from the weld metal from 
manual and automatic welds was measured, 
and the results discussed. 


A Study of the Fatigue Resistance of Butt 
Joints Welded Automatically by the ‘ Fusarc ’ 
and‘ Unionmelt’ Processes. Z. Garcia Martin 
and F. Cacho Falco. (Inst. Hierro Acero, 
1958, 11, July-Sept., 185-201). [In Spanish}. 
The mechanical properties, quality, structure, 
contraction, distortion and residual stresses 
of these welded joints have been studied and 
compared with those made by hand. Plates, 
12-5 mm thick, of a 0: 27°, carbon steel were 
used in the tests Both automatic processes 
gave the —_ fatigue results (pulsating ten- 
sion) thoug scattered were 
obtained w ith Fusare welds. Both gave better 
results than the manual welds did, this is 
thought to 17 due to differences in the mater- 
ials rather than the welding technique.—r. s. 

Influence of Dimensions on the Fatigue of a 
Notched Specimen. |’. Kuhn. (Rev. Met., 
1958, 55, Sept., 860-863; discussion 863-864), 
Using Heuber’s formula (Kerbspannungslehre, 
Springer, 1937) a curve is derived for calcu- 
lating the fatigue limit of a notched specimen, 
given the constant and the fatigue 
of the unnotched specimen. 


The Effect of Internal Friction on the 
Fatigue Failure of Cyclically Deformable 
Machine Parts. Y. 8. Postrigach and M. I. 
Chaevsk Doklady A.N 121, (2), 
268-270 influence 
of temy developed through torsional 
deformation of steel parts, on fatigue failure. 
equations and curves are presented. 
It is concluded that at above the 
limits of fatigue, the effect of internal friction 


testing machines. 
occurred 

flexural 
welds Residus 


cycles on 


stren 


} 
more vaiues 


materials 


birmat 


» 1958, 


This is a study of the 
erature, 


Sets o 


stresses 
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is markedly on the increase and can lead to 
thermal stresses of values exceeding those 
calculated by the authors. Parts subjected 
to high cyclic loads should be evaluated taking 
into consideration the absorbing properties 
(i.e. internal friction) of the material.—s. 1. T. 

Influence of the Lamellar Pearlite Structure 
on the Transition Temperature and Fatigue 
Strength of Carbon Steels. 8. Tsujimoto. 
(Tetsu to Hagane, 1958, 44, Mar., 394-395). 

Stress-Relaxation Tests on Welded Speci- 
mens of Consett “‘ Low-Tem” Steel. A. J. 
Fenner and A. Cowan. (U.K. Atomic Energy 
Authority, Industrial Group, Tech. Note, No. 
113, 1958, pp. 11). The tests were made with 
special reference to internal stresses in the 
pressure shell of a thermal reactor. Appreci- 
able relaxation was observed at all tempera- 
tures in the range 350-400°, but the rate was 
fairly low in weld metal. At the normal 
temperature for stress relief a relatively short 
time would be to reduce 
toa low value 

Low Ductility in Cast Carbon Steel. ‘I. A. 
Cosh and W. J. Jackson. (Metallurgia, 1958, 
58, Oct., 190-192). Investigations by 
B.S.C.R.A. showed that failure to attain high 
ductility in plain carbon steel castings was, in 
attributable 
The nature and cause 
discussed, and methods 
formation outlined. 

Die Tests Elongation. (Steel, 
Sept. 8, 101). A testing device 


necessary 


stresses 


the cases examined, to inclusions. 
of these inclusions are 


of minimizing their 


1958, 143, 


is described 


which consists of a set of V-shaped dies 
These produce progressively greater elonga 
tions along a specimen and the point of 
fracture indicates forming limits A. G. 
Large Range Pneumatic Extensometer. 
N. L. Svensson. (Chartered Mech. Eng., 


1958, 5, Nov. 420-422) An extensometer 
for measurement of strains of elastic order 
after pre-strains of up to 20°, with a 1 in. 
requiring measurement Of mov 

10-* in,, over a range of+ 0-2 in, 
is described using a pneumatic gauging unit. 

Flexural Behaviour of Mild Steel Beams. 
K. Farnell. (Engineering, 1958, 186, Nov. 21, 
674). Increases in load capacity produced by 
initial tensile overstrain are considered. 

Investigation of Steel for Flat Wood- 
Working Blades. A. G. Ivanov, E. \V 
Kruchinina and VY. 38. tybalko. (Stal’ 
Supplt. Metallogr. and Heat Treatmt., 1958, 
256-274). The investigations determined the 
critical transformation intervals, the mechan 
ical properties as given by bending torsion 
tests, and the cutting qualities of the finished 
tools, which characterize the numerical 
value of the wear of the edges of the blades, 
the variations in the micro-geometry of the 
blade, the purity of the obtainable 
and also the expenditure of power in wood- 
working.—t. H. 

Notched-Bar Tests on Steel. P. Kovesi. 
Iron Coal Trades Rev., 1958, 177, Oct. 10, 
858). A letter, reproducing a diagram from 
the Stahleisen-Kolender, 1958. 

Prediction of Transition Temperature in a 
Notched-Bar Impact Test. J. Hendrick- 


specimen, 
ments of 


surface 


son, D. 8S. Wood and D. 8S. Clark. (A.S.M. 
preprint, 96, 1958, pp, 13). Previous ideas 
of the mechanism of initiation of brittle 


fracture in mild steel have been applied. The 
predicted transition tempe rature agrees well 
with the experimental values.——E, E. w. 


Effect of Thermal and Mechanical Treat- 
ments at Forging on the Impact Strength of 
Structural and Alloy Steels. k. N. Sokolkov, 
L. V. Smirnov and 8. N. Petrova. (Fiz. Met., 
1958, 6, (2), 276-280) It has been experi- 
mentally confirmed that the heat 
anical treatments during forging and rolling 
weaken the tendency of such steels to reverse 
temper brittleness. This is due to the local 
ization of the deformation along the grain 
boundaries of the original austenite grains, 


and mech- 


owing to the distortion of the crystal lattice 
in the intermediate zones. This effect can 
also be observed in other treatments, for ex- 
ample, pressing or stamping, because the re 


crystallization of the cold-hardened austenite 
is then checked.—t. H. 








The Effect of Strain and Temper Embrittle- 
ment on the Impact Transition Temperature 
Ss an AISI E-6150 Steel. Ek. F. Steeb and 

. Rosenthal (Trans. Met A.I.M.E., 
abe, 212, Oct., 706-707 It was found that 
this steel was rather susceptible to 
temper embrittlement and the treatment 
described caused a rise in transition tempera- 
ture of 165° F at 0 Post-straining 
at 900° F produced an appreci 
in transition temperature 4 full record of 
experimental results is given 

Effect of Heat Treating on Notch Sensitivity 

of Chrome-Molybdenum-Vanadium Steel. Z. 


highly 


strain 


able mcrease 


N. Petropaviovskaya. (Metallov. Obra. Met., 
1958, (7), 54-58). Notch sensitivity can be 
lowered and embrittlement retarded by double 
normalizing (1040°/960° C) and tempering at 
hsv 


Determination of Impact Hardness and Char- 
acteristics of Steel. KB. A. Vandyshev and 
F.S. Savitskii. (iz. Met., 1958, 6, (3), 534 
539 The test material consisted of 6 types 
of steel in round bars containing 0-17%; 
0-22 0-47%; 0-63%; 1-06 und 1-16°,C., 
Findings show that the dynamical coefficient 
depends on the carbon content ar 








est source of error in determining hard 
ness by impact instruments is prec this 
dependence on the carbon content of steel. 
rhe hardness value will characterize the resist- 
ance to plastic deformation of sts undis 
torted by recrystallization. This is important 
to know for the hot-working of metal L. H. 


The Effect of Neutron Irradiation on the 
Impact Properties of En2 Mild Steel. I. L. 


Mogford, A. T. Churchman and D. Hull. 
1ERE M/R 2485, U.K ltomi Energy 
Authority, Research Group Report, 1958, pp. 


9). After 
the increase in 
found to be 
At the uradiation level the risy 
was 75°C. There is a reduction in the energy 
absorbed in ductile fracture after irradiation of 
about 50 

Behaviour of Certain Alloys Subjected to 
Dynamic Loading. K. G. Crum and F. T. 


a dose of 9-3 10° neutr 
transition 
nearly pri 


ms/cm 
temperature was 
yportional to (dose 


maximum 


Mavis. (A.S.7.M. Bull., 1958, July, 88-91), 
An impact apparatus for } in. diameter speci- 
mens is described with cathode ray recording 
and data on steels and other metals are shown 


with comparisons with static loading. 
Explosive Press for Use in Impulsive Loading 
Studies. EE. W. LaRocea and J Pearson. 
(Re Sci. Inst., 1958, 29, Oct., 848-851 
Single and double-acting presses producing 
pressures estimated at several milli 


1 psi are 
described. 


Metallographic Studies of Metals after 
Explosive Shock. ©. 5. Smit (Trans. Met. 
A.I.M.E., 1958, 212, Oct., 574-589 Fe is 


hardened by a 
than by ce 
although the 
virtually 
developed on compression. 


shock of ~ 400 kbar more 
ld-rolling t reduction, 
dimensions of the sample are 
unchanged. Neumann bands are 
Above 130 k bars, 


» 


transition to a different phase occurs, which 
atter return to atmospheri pressure leaves a 
complex microstructure It is shown how the 
structure can be used to measure shock 


velocities 

Application of the Griffith-Irwin Theory of 
Crack Propagation to the Bursting Behaviour 
of Disks, Including Analytical and Experi- 
mental Studies. DL. H. Winne and B. M. 
Wundt. (Trans. A.S.M.E., 1958, 80, Nov., 
1643-1658; A.S.M.E., 1957, 57-A-249, pp. 23). 


Tests on large bored notched discs removed 


from long rotor forgings are described. 
Average tangential bursting stress was as 


low as 26% of yield strength for brittle mater 
ials and as high as 92° 
ductile behaviour Fracture toughness is 
calculated from the theory and 
slow notched-bend tests and 
independent of size of specimen 


Influence of Texture Deformation on the 


for those approaching 


agrees with 


appears to be 


Mechanical Properties of Metals. M. L. 
Bernshtein and M L Grinberg Stal’ 
Supplmt. Metallogr. and Heat Treatmnt., 1958, 
65-78). Tests are described to investig rate 


the dependence of mechanical properties of 
cold-deformed Armco iron on the type of 
structure present during different stress 
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conditions, the findings show that a poly- 
crystalline texture can result in an inc 
of the mechanical properties because of the 
anisotropic orientation and distribution of the 
cold-hardened zones. L. H. 

Mechanical Properties of Deformed Meta- 
stable Austenitic Ultra High Strength Steel. 
D. J. Schmatz and V. Zackay. (A.S.M. 
preprint 110, 1958, pp. 13). A new hardening 
technique for steels containing 0-28-0-57°%( 
has been tested which consists in plastically 
deforming at a sub-critical temperature. 
Several suggestions are advanced to account 
for the mechanisms responsible for the im 
provements in mechanical properties.—®. E. w. 

Fatigue of Metals Caused by a Relatively 
Few Cycles of High Load or Strain Amplitude. 
P. P. Benham. (Met. Rev., 1 : 


958, 3, 1), 203 
234). A review of studies on 


rease 


the 

failure of metals under relatively few repeated 
loads (up to ~ 105 Changes in pro- 
perties, energy and change in ductility 
during cycling, effect of prior cycling on the 
stress-strain curve to fracture, and various 
explanations are referred to. A summary 
of data is added 51 refs.) 

An Introduction to “ane in Marine Engin- 
eering. Bb. K. Batten. ( Inst. Marine 
Eng., 1958, 60, Nov., ook Methods of 
crack detection are considered and the question 
of stress concentration as affected by 
is reviewed im detail. In an appendix types 
of crack shown and interpretation of 
fracture pa dealt with Fretting 
eorrosion is included and numerous failures 
in service are discussed. An attempt to 
summarize design factors is made 

Extra Fatigue Strength is Now Available. 
W. 8S. Hyler 1.k.J., 1958, 66, Oct 
40-41) Mac hining and mechanical polishing 
can uu fatizue strength considerably 
Comparisons with electropolished specimens 
are reported an I stress and depth of hard 
are estimated 

Fatigue Testing of 
T. C. F. Stott. inst. Mech. 
Div. preprint, 1958, pp. 10). 

Thermal Stresses in Design. Part 3: Basic 
Concepts of Fatigue in Ductile Materials. 
S. S. Manson Mach. Design, 1958, 30, 
Aug. 7, 100-107 Stress-strain mechanisms 
and failure by thermal cycling are 

Thermal Stresses in Design. 5. Interpreta- 
tion of Fatigue Data for Ductile Materials. 

S. Manson. (Mach. Design, 1958, 30, 
Sept 4, 126-133 Effects of thermal stress 
cycling are disc with pre-strain effects, 
comparisons with mechanical fatigue and 
applications to design. 

Electro-Magnetic Vibrators: Use in Creep 
and Fatigue Tests. (/ron Steel, 1958, > 
Oct., 504-506). The specially-designed test 
equipment used by B.ILS.R.A. and the 
Clarendon Laboratory to study fatigue at 
low temperatures and the effect of combined 
creep and fatigue are described, 
obtained are discussed. 

The Influence of Shot-peening on | the Fatigue 
Strength of Metals (1st Report). Takeuchi 
and T. Honma. (Nippon Kinz lee 1958, 22, 
Jan., 14-18 In preliminary rotary bend 
tests the endurance limit of pure iron, Si-Mn 
steel, L7TSAl alloy, and 40/60 brass was in 
creased by shot peening several 
pared with that of polished specimens; 
fatigue limit was increased by 3—13%, as the 
result of shot peening and reduced by anneal 
ing after shot peening. (2nd Report); On 
the Effect for Decarburized Steels, (18-22). 
Dec arburization of Si-Mn steel 
50°, drop of the limit, compared with 
polished steel. Shot peening hac i the opposite 
effect. (3rd Report). On the Effect for 
Notched Steels. (Feb., 55-59). In investi 
gations of Si-Mn spring steels, heat treated to 
140 ~ 150 ky mm? strength, it was 
found that shot peening was more effective 
on notched than on polished specunmens, even 
when the ild not reach the root of the 
notch. (4th Report) On Its Effect on Corrosion 
Fatigue. (Feb., 59-63). The effect of shot 
peening on the fatigue strength of Si-Mn 
steels was investigated in the corrosive medium 
of distilled water and of diluted sulphuric 
acid. Though attenuated, the 
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tng., Automobile 
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effect of surface stressing was still manifest. 
The Problem of Fatigue Relative to the 
gr Useful Characteristics of Steels. 
M. Alvaro Periane Met., 1958, 

is Mar.-Apr ,» 39-47). [In a The 
author vests that to use the 
normal Spanish steeis at highe rupture 
strengths in spite of the ap suastals le loss in 
ductility. The importance of fatigue be- 
haviour is discussed and results of tests made 
to examine the possible relationships between 
the static and characteristics are 
given. These results show that the fatigue 
limit, even in specimens with theoretical 
stress-concentration factors of 1-8, has in- 
with the rupture 


loss in toughness. Low 


Tecn 


sug it is possible 
! 


fatigue 


creased strength in 
the impact figures 
5 kg/em*) do not form an obstacle to the use 
of the .123 and F 
Ni-Cr th Spanish 
aviatt 
A Compilation and Interpretation of Cyclic 
Strain Fatigue Tests on Metals. aver- 
nelli and L F. Coflin, jun ( 1.5.M. 4 
112, 1958, pp. 13). From consideration of 
umulated data there is proof of the validity 
that, for all metals tested, the plot of the log 
of the plastic strain range the log o 
the number of a tas Foe 
line of slope equal to 4. Itis 
able to plot this type of fatigue curve 
fracture ductility of a metal or 
simple tensile test E. E. W. 
Fretting-Fatigue Failure of Titanium-Steel 
and Steel-Steel Joints. W. L. Starkey, 5. 
Mareo and J. A. (« (Prod. Engq., 
29, Sept., FI15-F17; from an A.S.M.E. paper). 
Results of tests to evaluate the fatigue damage 
by fretting Ti angainst steel 
that systems of stress concentration and other 
effects caused by pit digging 
tacts and nominal 
part, con bine to mitiate and 
Cold ro shot peening anc 


two steels examined. (F 
and Ni Cr—Mo high 


n steels). 


trenyg 


reprint, 
ace 


against 
eyeles to failure is 
also reason- 
from the 
alloy in a 


llins. 19538, 


caused indicate 
isperity con 
the 


cracks 


evelie stress field in 

propagate 

i other measures 
l-stress 


residual 


ling, 
can produce an optimum 
agation. 

“A Mechanism for Nonpropagating Fatigue 
Cracks. L. F. Coffin pre 


uw, 1958, cracks at 


eld which mitigates stress propa 


jun. 7.M. 
prin (72), pp. 6 

the base of sharp notches are 
A mech g d by which the 
and strain at the base of the notch are fully 
reversed in cyclic load, but that full reversal 
for a crack because 
mean 


m-propagating 


anISIO 18 SUL 


stress 


does not occur of closure. 
The effect of superimposed 
correctly predic ted. 
Inclusions: Nuclei for Fatigue Cracks? 
(Metal Pre 1958, 74, Aug., 120-122 
An account is given of an A.S.T.M. 
at which the effe lusions on 
of steel was disc The lium 
strength ot certain 
0-001 in 
inclusions, particu 
the effect 
below 140 000 
yw 0- 00025 in. 


stress is 


Gress, 
meeting 

fatigue 
and 


steels 


t of ime 
ussed 


life 
long-life fatigue 


mec 


decreases substantially for each 
in the size of the 
the high hardness 
with hardness levels 
; the effect of inclusions bek 
insignificant. One 
free from silicate 
fatigue 
Porsi 
wire 


increase 
larly at 
is small 


p-S.1 


size may be 


levels; 


steel made in 
ions gave the 
uwched by any 
old drawn 
presence ot 


inclus 
strength ever re: 
mal fatigue life of « 
d by the 


a& series 
highest 
metal. 
music is decrease 
inclusions L. « 

Tests Demet ‘Gonsiont Temperatures. 
Steel, 1958, 143, Sept. 1,77 Creep and stress- 
rupture tests are described in which thermo- 
couples are a hanena 
control. 

A Simple Creep Strain Recorder for Use -_ 
Wire Specimens. J. Congleton and K 
Parkins. (J. Sci. Instr., 1958, 35, Oct., 
380 

How to sag od Tests for Primary Creep 
Data. Bb. 3. Muvdi and CC. J. Giemza. 
S.A.E.J 1988, 66, Aug., 46-48). A graphi- 
cal method of obtaining from 
two tests at any one tempera the 
construction of master esti- 
creep between temperatures is 


as to secure temperature 


oe. 


ree} 
creep 


curves 
ture and 
diagrams for 
mating test 
given. 17 PH stainless steel is included, 
Investigating the Influence of Preliminary 
Cold Deformation on Creep. G. I. Nosova 
and V. M. Kosenberg. (Fiz. Met., 1958, 6, 
(2), 321-325 The s Fe—Ni-Cr-Co with 
varying Co content were subjec ted to bending 


spite of 
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tests at various temperatures. Re 
tained are « 
not as 


sults 


onsidered qualitativel y 


values. At 


only 
absolute 
below 600° the main factor of 
the structure At higher ten 
the str h cor 


resistance can l 


deformati 
acture is to a 
longer the 
factor becomes the che compos 
The rate of creep for specimens hardened by 
old deformation, but not previously stabilized 
increases rapidly at 
peratures under the 


stress, and the 


whi respon high 


no persist, 


mical 


all rec rystalliz 
influence of t 
and 
which 


soltening Of #Bpec 
deformed proceeds 
joes under the 


were previously 
ger extent than it 
of temperature L. 
The Application of Time Temperature 
Parameters to Accelerated Creep-Rupture 
Testing. S.S. Manson, G. Succop and W. F. 
brown, jun, 1.S.M. preprint, 106, 1958, 
15 A proe 
meter onst i and the master « 
deter ‘ over a 
results are compared with isothermal 
establ 
snow good 
The Phenomenon of 
in Alloys. kK. W. Fount 
sky. i.S.M preprint Yl, 958, pp 13). 
It is she f sor and Ni- 
Mo alloys that the amou mnt tou 
can be calculated fr ’ 
relationships and cry 


a lar 


stone. 


edure deseribed in whi 
irves 
wide stre 


ished by conventional procedures and 


agreement I 
“ Negative Creep” 
un and M orchyn- 


whith the use 


showing stror tenden wative 


ities innealing 
prior ¢ 
ip Of internal stre os, Whit 

ai ¢ ise cracking “ 

” Generalized Creep Criteria Diagram Based 
on New Relationships Among Stress, Creep 
Rate and Service Life. 1. A. Oding and V. 5. 
Ivanova sle aniya P tharopr 
optavam, 
values for 1 uN trengt re tained by 
extrapolation 
semi-log ps 
ductility reserve 
creep diag 

Prediction of Creep in Bending from Tension 
and Compression Creep Data when Creep 
Coefficients are Unequal. W. N. Findley, 
J. J. Poezatek and P Mathur Trana,. 
A.S.M.E., 1958, 80, Aug., 1204-1298 I 
on non-metallic material uv reneral 
port to the theory, bi > sufficient fo 
accurate check 

Estimation of Ductility (Creep at Rupture) 
of Creep-Resisting |Steels and} Alloys at High 
eg ome A Stanyukovich. (Zavods. 
Lab., 1957, 28, (4), 476-484). Creep at rup- 
ture is defin d as total creep at rupture 
astic and 


per, 


important and 


ram includes this 


sup- 


initial 


An 
stined. 


piastic deformation 


empirical mean creep ‘ is also de 
Values are 
stages Of creep are discusse 
The embrittlement range 
liminary attempts to establish relationships 
between the vari made. 

Some Creep and Tensile Properties of a 
Corrosion Resisting Steel to British Standards 
Specification §.80, at 22° C, 250 C, 400° C and 
550°C. RK. Whittaker Royal Aircraft 
Establishment Tech e Met. 280, 1957, Dee., 
pp. 17 Constant load creep 
tensile tests are reported At tl 
temperatures, the curves are not of normal 
type; a rapid increase in strain is followed by 
a small creep rate The effect 1%, pre- 
strain at room temperature i 


250° C is to 


steels and 
and formulated, 


is reviewed and pre- 


ind for 


is factors are 


reduce the rmount of 


loading by ~ 60 I data 


400 


ngineering 
derived from the creep curves at and 
SVU” ¢ 
Solve Lamellar Phase Problem in A-286. 
K. Metcalfe (J ige, 1958, 182, July 
72-74). The answers to the problem of 
stress-rupture f 
steel used for high temp. 
deduced. ‘Trouble 
precipitate that is similar in 
the found in 
ouble can be av 
xd by 


ent above 


ron 


tilure of an austenitic 


} 


olts have been 


the 


rature 
arises Irom 
ol @ iameliar 
appearance to 
The tr 
parts that are not processe 
by keeping the boron cont 
(4) where seve 


pe ariite 
oided a) in 

ld working, 
0-001% 
n solution- 


steel, 


re cold-working betwee 
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treating and necessary, by re-solu- studies of 0-08°.C steel comprised measure content and strain rat« Low-temperature 





tion treating at 2000° F.—pb. tL. oc. ¥ ments of Rockwell Hardness and electron embrittlement was explained | ising @ 


A Note on the Comparative Buckling Proper- micrographs The age-hardening curve ex model with strain-induced martensite as , 
ties of Mild-Steel and Aluminium-Alloy hibited two steps The structural changes embrittling agent At high strain rates, 





Plating. G R. Smith. Shipbudder, 1958, are described in detail and are tabulated in localized temperature increase was suggested 
Do, * , 533-537) The work of Mont- ~ ath lish } Ww a the suse of an anc ulous increase in 





gomerie and of Muckle is used to set up Nitrogen as ; the Alloying Element in Steel. reduction of area.—kE. E. W. 

corresponding figures for scantlings with the XX. The Effect of Arsenic and Copper on The Brittle State in the Nickel-Chromium 

saine factor of safety against buckling Strain-Ageing in Steels. Y. Imai and 1 Alloy —_, Type F.123 LEA. J ew 
Dispersion in Jominy Testing. (Centre Doc Ishizaki Nippon Kinzoku, 1956, 20, Dec., Flotats Hierro Acero, 1958, 11, 


Sidér. Circ., 1958, 15, (5), 1079-1083 The 673-676 Work on low-carbon steels shows Mar., 39 In Spanish Mar of a 
proceedings of a conference on Jominy Quench that the solid solubilitv of N in a-iron is large series of crankshafts for aero engines 
Testing are reported The reproducibility of reduced by adding As and Cu; hence strain made in this steel (analvsis quoted: 0-28°,C, 
the test, the influence of oil and water quench ageing due to N is decreased, but that mainly 0-38°,Si 0-56Mn, 2-86%Ni, 0-70%Cr, 
ing and the calc s ation of  wmtrong curves are due to carbon was increased by adding As 0-018°)S, and 0-040°,P) were rejected be 
among the subje discussed G. B and Cu K.E. J cause of their failure to reach fied impact 








On the Ahnumeel Shapes Aepmsing in Changes in the Mechanical Properties of values and an investigation \ 
Jominy Curves of Low ar? Steels. JT’. Steel in Storage After Thermal Treatment. A series of three-dimensional curves are 
Nemote Nippon Kinzoku, 1956, 20, May, K. A. Bessonov and Yu. E. Bondarev (Fiz riven showing the relationship between time 











243 247 Quenching diagrams were deter- Met., 1958, 6, (3), 571-573 \ prolonged and temperature of tempering and either 
mined for steels containing 0-5°% Mo, 1-0°.Cr torage at room temperature of Type 3 steel shock-impact values or hardness figures, for 
and 0-5°%,Mo, 1-0°% Cr and 1-0° Mo, and resulted in an appreciable reduction in the forging coetticients of one and four and for 
2-0° Cr and 1-0°,Mo, respectively Harden uniformity of elongation, which may be ex longitudinal and transverse directions. Metal 
ability increases as Cr and Mo increase rhe plained by the cold hardening of the ferrite lographic results are also given Some of the 
transformation rate in the Ar nose 8 lar under the effect of stresses of the second order conclusions reached in tl stud ur l 
ger than that in Ar, ** nose Phe amount of which occur owing to the differ in the the brittlene in the crankshatts wa used 
retained austenite is a maximum in the range coefficients Linear expansion, vield point, by tempering below 600° C with the lea 

of cooling rate where abnorn pee toa appes ar y-term resistance und relative reduction keeping to a preferred hardness; (2) the brittle 
in the J any he edenabiiits eur area increased — slightly rhe impact zones can be passed by higher. temp 


Multiplying Factors for the Calculation of strength was reduced at all temperatures temperatures (from 550°C to 650° C impact 
Hardenability of Hypereutectoid Steels Hard- investigated and the threshold of cold short value increases from 7-5 to 14 Kg.en with 





ened from 1700 F F. Jatezak and D. J. ness pushed to higher temperatures lL. A. a hardness variatior $ Rockwell ¢ ; 
Girardi 1.5.M. preprint 99, 1958, pp. 15 Temper Embrittlement. r. B. Singh tempering time } little effect on impact, 
The hardenability effects of 1% carbon steels (Tisco, 1958, 5, Oct., 166-176 Detection con i with ten ing temry tur 4 
containing up to about 1-5°,Mn, Si, Cr, and Ni by grain boundary etching methods is dis tion | irna 620 
and 1-0°%,Mo, singly or in combination have cussed and the nature of the phenomenon and range gives values tl ler of 
been determined E. E. W its occurrence in steels of variou types and Cr in idinal test ») brittle- 
The Secondary Hardening of Structural the effects of alloying elements and influencé ness could be ¢ ted metallographical 
Steels. L. I. Kogan and R. I. Entin (Fi on mechanical properties are reviewed j the speed of etching and the persistence 
Met., 1957, 5, (2), 349-354 \ relationship The awed of Brittle Failure in Steel. of the etch after a re-polish. Coher vent 
was established between the carbon content N. V olstoguzov — 4. D. Kramaroy gave the best results, surface activation agents 
of residual austenite and the intensity of the Stal’ Pete Me qr. and Heat T'reatmt, were of no extra help rhe 1 t distinct 
effect of secondary hardening 1958, 112-121 ag investigation was carried rrain boundar etel vas obtained with the 


Effect of Lubricant on the Penetration of a out by etching with ethereal picrie acid 450° C temper 28 referet 
Diamond-Pointed Indenter into Ductile Metals. This revealed the differences between thé Self- Restraint in Stee in Relation to Brittle 





V Lb. Kuznetsov and A. I. Loskutovy Fiz brittle ind plastic condition of the steel Fracture. S.A Iron St , 1958, 31 
Met. Metallow., 1956, 2, (3), 509-513 Brinell The initial austenite boundaries were revealed Oct., 479-484, — The relation between 
and Rockwell hardnesses are not appreciably Brittleness develops along former boundaries zelf-restraint and brittle fractur n ductile 
affected by lubricant but cone indenter pene In contrast the temper-brittle failure of the metals is discussed, and deficiencies in present 
tration at high load may be This has been same steel occurs mainly along the grains methods of physical testing, 1 ur the 
confirmed and the lubricated and non-lubri This means that temper brittleness affects = yotehed-bar in past test are ‘plained in 
eated indentation curves are shown to diverge the processes occurring at the boundaries tarme of the effects of eelf-restraint (16 eats 

at higher loadings. The effect is ascribed of the austenite grains L. H 

purely to the lubrication effect and not to The Ductile-Brittle Transition in the Frac- Effect of aatiaedl Hardening on the Tem- 
any crystal structure loosening by the surface ture of a-Iron. I. N. J. Petch Pit Ban. per- cea of 12Kh2N4A Steel. c E 


Kont« vich and B. M. Voshedchenko tal’ 


I 








active material 1058, 3. Oct., 1089-1097). A criterion for ? = 

Recrystallization, Structure, and Hardness transition from ductile to cleavage fractur Supplemer Metallogr ind Heat Treatmt., 
of Low Carbon Steels Containing up to 1%, is calculated for notched specimen The 1958, 104-111). Steel with a position 
Copper. K. L. Rickett and W. ¢ Leslie temperature dependence of this transition is _ 13 oe 6 aa fe ae Mn : nd cir UF; 
(A.S.M. preprint 108, 1958, pp. 24). In the supposed to arise more from the Peierls a As Ve UES (‘ ene 'v 015°9,P was tested 
presence of Cu recrystallization was retarded Nabarro stress required to move a free dis “4 ov gras — between Suu and »v) 
and hardness increased after annealing location than from the temperature-depend both with | merm —— and with ol 
Elongated grain structure in 0:-4-0-9° Cu ence of the locking of a dislocation source juenchin At . rt Ping 
stecla : vy be obtained by cold-reduction The temperature is a function of grain size, was taken at 100° intery ; betw n 350 and 
followed either by heating at a rate of about the friction of a free dislocation, the strength OOV In addition, the effect of isothermal 
200° F/h to 1300° F or by pretreatment at of dislocating locking, the degree of triaxiality hardening w Ss also investigated with regard 
950° F and annealing Under these conditions of the applied stress and on the elastic con to the critical temperatur f brittleness, to 
t! hardening effect ma be minimized stants IU. J. Heslop and N. J. Petech the austenite grain size and to the impact 


Brgy ered of Nickel Steels. (Prod. Eng., (1128-1136). Agreement of the above ex breaking strengtl L. 
58, 29, Sept., D11; from Inco Nickel Topics). pression is demonstrated for notched spec Micromechanism of Brittle Fracture of 


Tal les showing the ea sone response of mens with variations in grain size and wit Steel. B.S. Kasatkin 1 t. Akad. Nauk 
alle teels with varving times and tempera the friction of a free dislocation A caleula , 1958, (5), 63-68 Recent X-ray 
tures of he iting, and different prior structures tion is given of the effect of the dislocation has shown that brittle fracture is 
The fullest har lening response is obtained locking strength on transition temperatur issociated with tl prior exist 





with 3 Nis l and this is in reasonable agreement with the ene f local plastic deformat | 
Ageing of Steel. B. R. Nijhawan Tisco, observed temperature for steels with locking Effect of Phosphorus and Nickel on the Cold 
1958, 5, Oct., 177-182 A review. Strain weakened by Mn. It is suggested that strair Shortness of Medium Carbon Steels. V. I. 


gein treated by dislocation theory and and strain-ageing 1 e the transition tempera Svechnikov and Yu. | Yakovchil Fiz 
quench age is considered, and the effects ture by the increased tensile stress availab! Met., 1958, 6, (3), 505-511 he test mater 
of bot 22 refs it fracture for crack propagation i onsisted of 3 experimental melts with a 


A Note on the Effect “ Ageing on Stress Ductile —Brittle Transition in Steels Irradi- ontent of 0-143-0-16% P and a varving Ni 
Relief. M. M. Hallett Fr iryman ated with meuinonn. D. Hull and I. L. Mog content from 0-0 to 2-04 d + exper 





1958, 51, July, 355 A nu hes { low oy ford Phi Mag., 1958, 3, Nov., 1213 mental melts with varving ontent from 
high-strength grey-iron castings were tested y Measurements on control and irradi 0-014 to 0-25°%.P lhe carbon ntent in 
for internal stress (two months after casting ited specimens of En 2 steel were made at all cases fluctuated between 0-44 to 0-54 

in the as-cast condition, they were then aged 20°, 78° and 196° ¢ ind the results Graphs are given for impact strength as a 
for a ear in outside weather conditions are shown to be in agreement with Cottrell’s function of temperature he findu point 
rin an office, and tested agau Phe internal relation for the transition The surface re to the fact that the temperature at the initial 
stress went up from the original 3 t/in? t« lating grain size, vield stress and temperature stages of brittlenes und at t pl 

ab« t erage) after age is shown transition of the steel to the britt] nditior 


Study of the ene of Mild Steel ‘with the Low Temperature Babeiitionent of Austen- depends on the properties of the ferrite, and 
Electron Microscope (lst Report). On the itic Lg Mn N Fe Alloys. F. W. Schaller and that plastic failure influenced by t} mount 
a eae of Beeeigtintes in Ageing * 70° C. V Zacka 1.5.M. 7 rint 109, 1958, f ferrite and by the forn the cementite 

Tanabe nd ikamoto por pp a Peseciie, has beer studied as a segregations and their distribution within the 
Kis a, 1958, 20. Jan., 36-40 aon function of test temperature, interstitia ferritic matrix, H 
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Effect of Heat Treatment, Straightening and 
Ageing on the Cold Shortness of Bessemer 
Rail Steel. G. I. Pogodin-Alekseev and N.S 
Artemenko Stal Supplt Vetallogr. and 
Heat Treatmt Normalizing 
! 


ind improving eatments oO steel reduce 


1958, 2-131 


considera! iortness of Bessemer 


rail steel by shifting b 80° towards lower 


temperature thre eshold of cold shortness 
This advantage also acerues to O.H. rail steel 
The straightening of double and quadruple 
bends causes a shift of cold shortness towards 
higher temperatures, on an average by 40 
The effe shows itself chiefly un a 
reducti olute values of tailur 
under service ¢ ‘dit ions I 

Some Data Regarting the ‘Effect of Cold 
Hardening of Quenched Structures on Reverse 
ong Brittleness of Steel. F. P. Stepan 
(Fi , 1958, 6, (3), 483-486 Ith 


ae 1 cold tensile deformation to 


s been 
shown 
1-5°% re 

and considerably reduces the tendency to 


sults In an increase of impact strength 


temper brittleness whilst a deformation to 
4° eliminates completely any tendenc to 
temper brittleness down to 60° ( ba wh 
The Influence of the Time of Tempering at 
High Heat on the Occurrence of Temper 
Brittleness in Steel with a Varied Original 
Structure. ‘I. V. Sergievskaya Stal’ Supple. 
V etallogr j t 1958, 95-1038 
The origin ‘ re of 45 Git vel contains 
martensite ol 60 Re and acicular 
troostite « rarcie 3-46 Re 
the tim y st } ’ 
50 h does not 


Increas 


propert 
temperat 
brittleness 
acicular tr Me 
ot tempering than 
steels with a structure consisting of produ 
irtensite tempering, which 
ind both in 
developme 


resultin fre mY 
a plastic and in a 
nt of brittle 
brittle 


products are 
brittle 
ness, which take 3 oh at 550 


condition 
temperature) is reduced when increasing the 
time of tempering at high heat 650 or 
both structures investigated I 

The Response of High- any Steels in 
the Range of 180 000 to 300 000 psi to Hydro- 
gen Embrittlement from Cadmium Electro- 
plating. | P. Kher, B. B. Muvdi and G 
Sachs A.S.T.M. preprint, 1958, (7 
steels studied 


23). S 


load tests an 


In some mea 


experiment 
nitiated 
through 
nt depends, 
inimized by reduced C or 


bearir zone 


propagate overloading 
Crack developme 
positior and is rm 
increased 
Nucleation of Cracks by the Intersection of 
Twins in «-Iron. |). Hull Phil. Mag 
1958, 3, 1 , 1468-1469 Studies on a 3°S8i 
iron prod ied by v ium 
polished and strained are ported At 78 kK 
the specin broke surable 


in part, on con 


electre 


defi o en stra ten along 
the 1X] It was oO I 112 
twu a ormed soth mau subsidiary 
at the 


cTacks intersecti i otf twins 


['wo methods of nucleation were observed and 
these are illustrated 

The Wear of Metals. . F. 
(Sei. Lubr., 1958, 10, Nov., 16 
with pin and ring 
ferritic 
ials and carb 
general theory of 
use of tracers described 

The Coefficient of Friction of Metals. ‘ 
t{ubenstein Vi ear 1958, 2, Nov., 85-96 
Studies of a steel ball sliding n Indium 
are described and discussed. 

Research into Friction. (Engines 


OV 28, 848-852 A re v the 


\rchard 
W ork 
machines on 

stainless steels and non-ferro 

ies 18 Summarize 


wear is developer 


1958, 


pening 
Frith 


f 


a Crossed- Cylinders Friction Mac hine. 


chard Wear, 1958, 2, A 21-27 


‘A New Method of Measuring the Tempera- 
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ture of Sliding Friction between Dissimilar 
Metals. A.S. Vag oy van Vestnik Mashin 
1958, 38, (7), 13 ag Dig., 1958, 19, ¢ 
440 

Radioisotopes Measure Engine Wear. 
Deterding and J K B. Calow 
9, Sept., 312-315 


ned 


1Q58, 
ding system atta 
d using irradiated pist 
illation counter in the 
Wear 
I dditive are shown 
The Friction of Solids at Very High Speeds. 
Metal on Metal; II. Metal on Diamond. 
F. P. Bowden and E. H. Freitag Proc. Roy 
Soc., 1958, 248, Nov. 25, 350-367 
Comparison of Wear Between One-way 
Friction and Reciprocating Friction (3rd 
Report). On the Wear of Cast Iron against 
Cast Iron. K. Okabavyashi, 8. Saito, and F, 
Nakamura. (Nippon Kinzoku, 1958, 22, 
Jan., 22-25). The conclusions from this 
that wear incre 


traces and the 


ases in proportion 
essure, but thé constant proportion 
or has to be adjusted to 
imstan Ww 
Anowers Found to 1000 F Wear and Galling 
Problems. ©. H. Cannon A.} 1958, 
66, 86 Flame-plated con “i 
unina, 18 briefly deseribed 
Grey Iron Has Unique Wear-Resistance 
Properties. J. K. Driear Foundry, 1958, 
86, A: 


g.; 62-63 The effects of the various 


particular cu 


using 


phases and constituents Of grey iron on its 
wear properties under conditions of boundary 
lubrication are discussed r.G ‘ 

Frictional Behaviour and Structure of the 
Surface Oxides of Steel. Y. Tama Brit 
J. Appl. Phy 1958, 9, Aug., 338-339 4 

tter A high-carbon steel surface oxidized 
by exposure under various conditions of time 
and humidity were examined for 


Small, but significant 


temperature 
frictional behaviour 
differences were observed 

An Evaluation of the Effectiveness of Pene- 

trants. Rk 

16, Sept.-Oct., 421-429 Both fluorescent 

ind dye including 
ietary preparations rhe post 

ent ty} was found to be he most 

and is recommended f wrought 

ucts Most of the 


\leimt milest est., 1058, 


methods were examined 


emulsion 


tests we made on 

Non-Destructive Testing. III. Use of Dye 
and Fluorescent Penetrants: Auxiliary Equip- 
ment for Local Examination. lircraft Prod., 
20, Nov., 420-431 The 

teel part included 

Electromagnetic Test Measures Effects of 
Shot Peening. P. M. Unterweiser fron 
1958, 181, 4 


June 5, 121-123 The use of 
developed electrical induction type 


LG5s, examination 


Russiar 
test for measuring the depth of a magnetic 
material affected by 
Jt provides a quick and simple non-destructive 
method of checking the treated 
suriace Db. L. « I 

How to Measure Magnetic Field Strength. 
L. Robjohns SS eu Sept., 16-18). 
An account 4t the Solus-Schall Precision 
Magnetic Field Meter 

On the Magnetic Properties of Quench- 
hardened Magnet Steel. 1 Mishima, R. 
Hasiguti and Y. Kimura Nippon Kinzoku, 
1958, 22, Feb., 63-66 As the result of 


measurements of magnetic and mechanical 


shot peening is described 


conditions of 


1958, 


properties of quench-hardened magnet steels, 
it was found that the force did not 
change proportionally with Vickers hardness, 
but vaned as the square root of the 
ajetapite Best magnetic 
ruined when fine particles of 
dies were distributed in ther « 
ite, the ratio of the two phases being ~ 2: 1 
The Magnetization of Cobalt cin, 
Cobalt-Silicon, Iron-Aluminium and Iron 
Silicon Alloys. 1). Parsons, W. Sucksmith 
and J Thompsor Phil. Mag., 1958, 8, 
Oct.. 1174-1184 
Defectoscope Examination of RaiJs in Mov- 
ing Magnetic Fields. 2. Method of Modelling 
Electro-Magnetic eater V. V. Viasov 
I Vet., 1058 ! I The author 


usses fundamental aspe« of the 


coercive 


volume 
properties were 
martensite 
tained austen 


theor 


ilaritv and the simuilk Oot magnetiza 
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desc! ed RK. 8 
The Effect of the Order-Disorder Reaction 
on the Magnetic Anisotropy and Magneto- 
striction of Single Crystals of the Ferromag- 
netic Aluminium Iron Alloys. Kk. | Ha 

\ l.E., 1955, 212, Oct., 7 


Regarding the Arrangement of the Re- 
crystallisation Structure in Cold Rolled Elec- 
trotechnical Steel. \ 4 
Kudrvavt 


and 


Cube Oriented Magnetic 
Wiener i K. Detert J 


08 \ cle 


Sheet 


New Magnetic Steel. 
1958, 25, Aug., 314 \ 
hous Cubex ”’ oriented i 7 
Single Crystal Iron Whiskers Adapted to the 
Basic Study of baa oe Domains. G. G 
Scott and K Col ul (ren Motors 
aos sank de t 34-37 
Surface Energy of a 90 gr aden Wall 
Iron. ©. LD. Grah J. Appl. Phy 
1955, 29, Uct., 1451-1453 Che calculat 
i i i te predict 1 “ate wa 
a wil rand apre re i 
Investigating Seaoatie: ation Processes 
Silicon Iron Crystals. Yu. 8. Shur and \ 
Abel's Ii Wet 1958, 6, , 556-563 
Under the nt ! nf the 


mstant of 
“Effect of Elastic 
Structure of Silicon Iron Crystals. Ya. 5 
Shur and \ Laiko I Wet 
545 ? eh ye ‘ a funetio 


ul ' 
Stresses on the Magnetic 


1958, 


atternes 
The 


chanye 


entati 

the crvsta Th changes 
irreversible They can satistactori 
that under the ifluence 


plained by assuming 


of elastic stresses, a redi ition takes place 
ol partes 1 Ul rysta here the 


energy has a minimum vali nd the 


” maary 
tenden 
to eas magnetization neare the direction 
ol the stress rem \ } mn i 1 H 
Temperature Sessatenss of Seanetie Pro- 
perties of Silicon Iron. ( W. Chen J 


ippl. Phys 1958, 29, spt., 1337-1343 
i 


LOr > 


ition i 


Phe ng j-7FOO Cw 

sing oriented i-t interpret 

offered 

Effect of Scaling on Magnetic Properties of 

_ Rolled Stoel for the Electrical Industry 
Lr h I L, i Kurennyk! 
t 1-45 Im = the 
fi Vit 


UTavity 


INSTITUTE 





as 


was 


406 


of the steel caused by was 0-06 
Magnetic pern eabilit of the scale in 
magnetic fields is similar to that of the 
while, in medium and strong fields, 
lower A drop in the field specific 
to pK kling with a 10000 gs induction is 
negligible.—R. 8. 

Experimental Studies on the Formation of 
Superlattice in FeCo Alloy. III. Magnetic 
Properties. T. Yokoyama. (Nippon Kinzoku, 
1956, 20, Dec., 700-704). The coercive force 
Increase 8 as the temp is reduced below 730° C, 
and increases suddenly at 550° C; the remanent 
ion shows similar behaviour. The 
gnetization shows 
and 730°C. The influence 

field cooling is effective when cooling from 

570° C (but not from 500° C) down to 200° C, 

An Investigation on Boron-Treated Steels. 
VIII. IX. On the Effects of Boron-Addition 
to the Magnetic Properties of “ Fe-Mn” 
Magnet-Steel. I, I. Y. Imai and H. Imai 
(Nippon Kinzoku, 1956, 20, Dec., 676-679; 
679-682 VIII. The addition of little 
0-003°2B to magnet steel containing 
13—15°..Mn increases the max. energy product 
to 500 from 400 10° oersted, while 
the coervice force or residual induction 1s 
hardly affected. Boron added to the extent 
of 0-05%, is undesirable, as it the 
temp LX Small amounts 
added to a 12°, Mn steel confer good 
magnetic properties The 
residual induction are increased considerably 
when the steel is rolled into thin 
compared with blocks, rod or wire 
Cr do not improve the properties of 
treated Fe-Mn steel x. 8.3 

Low-Temperature Transition of Magnetic 
Anisotropy in Nickel-Iron Ferrite. N. Men 
yuk and K. Dwight (Phys. Rev., 1958, 112, 
Oct. 15, 397-405). 

Magnetic Anistropy Constant 
Iron Garnet at O° K. &. KR. Cooper. 
Rev., 1958, 112, Oct. 15, 396). 

Electrical Conductivity of a Binary System 
of Vanadium Pentoxide with Ferric Oxide 
and Cupric Cutts and ° a Lg of Complex 
Alloys. ©. A ir Zvyazev. (Izvest. 
Akad. Nauk Onda * rebh 1958, (6), 7-11). 
The specific electrical conductivity in quasi- 
binary systems V,0,-Fe,0, and V,0,-CuO 
studied in the liquid states. 
It was cae that alloys were semi- 
conducts R 

Non-destructive Testing. (Steel, 
June 10 2 The six basic 
non cnt da testing resonance, pulse 
reflection eddy current instru- 
ments, radiogr uphy » pene trants and magnetic 
particles) and their fields of application are 
reviewed A. G. 

Non-Destructive Testing. Part I. 
Prod., 1958, , Aug., 314-322 
inspection methods are described and the 
coding of defective is shown. ‘The 
various methods of using probes are illustrated 
and the savings obtained are estimated 

The Ultrasonic Transmitter-Receiver Probe. 
(S.S. News, 1958, Sept., 12-13). Introduction 
to Ultrasonic Testing. (13-15 
Applications of Ultrasonics in Metallurgy. 
Ors Martinez (Inst. Hierro Acero, 1958, 
ll, Jan.-Mar., 24-38 In Spanish A re- 
view of the subject is given and particular 
reference is paid to the testing and control 
of n wgproet and to tne nm rent of the 
elastic constants 5 references).—P. 8 

The Problem of Residual Stresses and Risk 
of Brittle Failure in Welded Constructions. 
H. Gerbeaux Soud. Techn. Connexes, 1958, 
12, March-April, 109-141). The theory of 
brittle failure is discussed and the effects of 
notches referred to 
Residual welding and stress relieving 
are dealt with Tests for the control of brittle 
behaviour of steel are discussed. It 
gested that a temperature 
thickness diagram for 
to determine when a streas relieving treatment 
is necessary 48 reterences).—R. P 

Crack Propagation. W. MacFarlane. (J. 
West. Scotland I.S1. Paper 518, 1959, Jan. 
16, pp. 19). \ previous work is 
correlated with with 


scale gauss/ec, 
weak 
steel 
it is much 


losses due 


magnetizat 
curve ol 
: aay at 


saturation 
550° 


ma 
2 


as 


gauss 


raises 
austenitising 
of boron 
coercive force and 
sheets, as 
Ni or 
boron- 


of Yttrium 
(Ph 48 


395 


solid and 


all the 
1958, 142, 
methods of 
ctive 


ultrasonics, 


(Aircraft 
Ultrasonic 


material 


1easurel 


residual stresses on are 


stresses 


is sug 
service section 


a given steel be used 


review of 


measurements made 
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Stanton and Amsler-type 
mechanism involved is discussec » 
Investigations of the Low-Temperature 
Stability of the Steel SKhL-4 after Various 
Types of Heat Treatment. L. A. Gaivoron 
skii, E. Shustitskaya and K. V. Popov. 
Vetall. Obra. Met 1958, (9), 54-55). The 
steel contains 0-129%C, 0-779 Mn, 0-9%Si, 
0-022°,8, 0-024°,P, 0-84°°Cr and 00-56% Ni. 
The brittleness range was examined by impact 
testing and tendency to ageing was examined 
by 10° extension and 2 h tempering at 200° C. 
The serious effects of overheating are noted 
and the effects on welding pointed out 
A Method for Studying > engne 
Embrittlement of Steel. M.A el and 
V. Shreider. *Zavods case 1956, 22, 
588). A device for precision bend 
thin sheet specimer the thinner 
tter, is Electrochemically 
and brittle- 


of polariza- 


test-pieces. The 


(5), 586 
testing of 
the be 
loaded U‘ 
was relate 


described 
) steel 


od to curr 


strip was tested 
ness ent density 
tion 

Studies on Heat-Checking of Iron and Steel. 
IV. Effects of Forging Ratio and Direction of 
Fiber Structure on a r. Fuji- 
wara. (Nippon Kinzoku, 1957, 21, Oct. 573 
The formation and propagation of 
heat-checks are iated with parts of fibre 
structure corresponding with boundaries of 
crystals As forging ratio ir 
the total number and depth of checks dee 
but the max. depth and mean depth har ily 
change; these effects are marked parallel 
to the imens the 
core 0 as regards heat- 


and 


576). 
assoc 
ry 


prime creases, 
} 


reast 


more 
direction. Spec 
billet are inferior 
Homogenized 
mens have few directional properties, 
wr to normal forging K.E. J 
The Comparison of Wear between One-Way 
Friction and Reciprocating Friction. I. Wear- 
Testing Machines and Their Characteristics. 
II. On - Wear of Steel Against Steel. S. Saito, 
K. Okabayashi and F. Nakamura Nippon 
Kinzoku, 1956, 20, Nov., 600-604: 604-608 
TI. Machines designed to test one-way friction 
and reciprocating friction are described II 
With steel against steel, wear charac 
teristics triction 
contact similar; 


trom 


checking upset spec 


and are 


super 


earbon 
and 
para- 


velocity 
these 
leere 


begins 


depending 
pressure are 
the initial wear 


on 
as 
ases and 


earlier. 


meters increase, 
the state of stationary wear 
The amount of stationary wear with recipro 
eating friction is smaller than with one-wa 
friction, but the difference is small. Hence, 
with steel, wear phenomena in reciprocating 
fricticx » deduced from tests with one 
way tiriction K.E. 9 

Measuring Machine Tool Wear. E. | 
Goodman itomic World, 1959, 10, Jan., 
28-30). pile-activated materials 


mmay 


rhe 
is described 
Effect of Heat Treatment on the Abrasive 
Wear Resistance of Steels for Earth-Moving 
Equipment. N. M. Serpik and M. M. Kantor. 
(Met Obra. Met., 1958, (7), 46-50). A 
n stead of rate of wear by 
described and 


use of 


llow 
soil 1s 
grades ol tested 
Che heat-treatments of these steels are given. 
Hardness alone is not a guide to wear-resist- 
nd in all samples isothermal annealing 
re effective than quenching and 
tempering to the same hardness. Steel U12 
(1-15-1-24 C, 0- 15-0: 35° Mn, 0- 15—-0- 35% 
0-2° Cr and Ni, 0-03°, max. 8), 

to acicular troostite 

and Vickers 


testing 


steel are 


ance 
was mn 


max. 
brought 
with 
38S 


isotherm ally 
arbide 
$15 was the most resistant, 
hshare steel heat-treate« 


hardness 
14 times that 
ito Rockwell 


excess ¢ 


ot ploug 
58-62 

Some New Instruments 
Testing of Materials. 
Husarek (Schweisstechn., 
39-43 The authors discuss mechanization 
in sonic, magnetic and photoelectric methods 
of testing steel products.—R. 1 

Review of the Various Methods of Non- 
Destructive Testing. A. de la Calle Estrada. 

inal. Mec. El 1958, 35, Sept.-Oct., 246 
252 Methods of non-destructive testing 
are their eodiieien principles, 
advantages and limitations being 


for Continuous 
Beaujard and V. 
1958, 12, April, 


disc 


( ppenernaes 
dealt with 


Methods of Non- ae Testing. E. 
Mitth Maschinenwelt Ele 1958, 13, July, 


261-262 The paper provides a short sum- 
mary of X-ray, 3 ultrasonic and magnetic 
apparatus for non-destructive testing. Port- 
able referred to in particular. 
The advantages and limitations of each method 
are briefly discussed R. }¥ 

Conference on Magnetism and Magnetic 
Materials. (J. Appl. Phys., 1958, ar.). 
Time Decrease of Permeability in Iron. 
G. W. Rathe 239-242 Uniaxial Mag- 
netic Anisotropy Induced in Fe—Ni Alloys by 
Magnetic Anneal. EF. 'T. Ferg 252 


ray, 


apparatus 18 


nau ( 


(252 3). 
Magnetic Resonance of Ferrites with a Com- 
pensation Temperature. J. Pauleve. (259- 
263). Some Results of an Electron Micro- 
scopical Study of the Metallographic Structure 
of Two Alloys for Permanent Magnets. 
Ticonal G and Ticonal X. J. J. de Jong, 
J. M. G. Smeets and H. B. Haanstra. (297 
Relation between Colloid Pattern and 
Permanent Magnet Precipitate during the 
Magnetization Reversal in Alnico V. K. J. 
Kronenberg and R. K. Tenzer. (299-301). 
Phase Analysis of Alnico V Based on Tempera- 
ture Effects. Kk. K. Tenzer and K Kronen- 
berg (302 Physical and Magnetic Pro- 
perties of Elongated Single-Domain Iron and 
Iron-Cobalt Permanent Magnets. Rk. . Lever, 
Kk. J. Yamartino and R. B. Falk (304-306), 
Effects of Magnetic Fields ages Anistropic 
Iron Crystals. J. H We Arrott 
ind M. W. Freeman Magnetic 
Measurements on Some erg oe Systems. 
\. kK. Berkowitz and J nders (314— 
316 Che §8-bras included, 
Magnetic Anistropy Induced by Magnetic 
Annealing and by Cold Working of Ni,Fe 
Crystal. 8. Chikazumi (346 Effect of 
Sample Thickness on the Field Annealing of 
of 6-5°.8i-Fe. P. A Alb : 
Effects of Composition and Processing Variables 
on the Magnetic Properties of the 50 Nickel 
Iron Alloy. M.J Devel- 
opment of Preferred Orientations 2 Silicon 
Iron. J. R Brown 0)(001) 
Secondary Recrystallization Texture = .o 
Percent Silicon- Iron. H. C. Fiedler (361- 
362). Magnetic Properties of Cube Textured 
Silicon Iron Magnetic Sheet. Walter, 
W. R. Hibbard, H. Fiedler, H. E. Grenoble, 
R. H. Pry and P. G. Frischmann 365) 
Low Residual Induction in High- Aluminium 
Iron Alloys. DL. Pavlovic and K. Foster 
369). Effect of Elastic Bending on 
Magnetic Properties of Oriented Silicon Iron. 
(370-371 Effect of Hydrostatic Pressure and 
Temperature on the Magnetic Properties of a 
Nickel Zinc Ferrite. C. Q. and C. M. 
Davis, jun. Preferential Volatiliza- 
tion of ‘Cations from Ferrites During Sintering. 
J. M. Brownlow. (373-375). Some Properties 
of Quenched Magnesium Ferrites. 1). J. 
Kpstein and £6. Frackiewicz 376-377). 
Tonic Valences in Manganese Iron Spinels. 
H. 380). Substitution 
ro Iron in Ferrimagnetic Yttrium Iron Garnet. 
M. A. Gilleo and 8. (380-381). Effect 
of Thermal History on the Antiferromagnetic 
Transition in Zine Ferrite. LW. M. 
and E. F. Westrum, jun. (384 Some 
Aspects of Tempering 3} Silicon Steel as 
Followed by Time Decay of Permeability. 
E. S. Anolick and J Singer (412-413). 
Magnetocrystalline Anisotropy of Mg Fe Fer- 
rites: Temperature Dependence, Ionic Distri- 
bution Effects, and the Crystalline Field 
Model. V.J. Folen and G. T. Rado (438—440), 
Effect of Cation Vacancies on the Magnetic 
agg of Cobalt-Substituted Magnetite. 
kk. Bickford, jun., J. M. Brownlow, and 
z. F. Penoyer (441-442). Magnetization Pro- 
cesses in Heat-Treated Single Crystal Cobalt 
Ferrite. S. Foner and J. O. Artman (443 
#44). Exchange Anisotropy in the Iron- Iron 
Oxide System. W. H. M: yn (454-455). 
Domain Wall Motion in Metals. R. W. 
DeBlois (459-467). lron whiskers were used. 
Effect of Cobalt on the Relaxation Frequency 
of Nickel-Zinc Ferrite. F. J. Schnettler 
and F. R. Monforte (477-478 Transitions 
from Ferromagnetism to Antiferromagnetism 
in Iron-Aluminium Alloys. H. Sato and 
A. Arrott (515-517 Further Magnetic and 
X-Ray Diffraction Studies on Iron-Rich Iron- 
Aluminium Alloys. A. Taylor and T. M. 


ison. 


208 


303 
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Jones (522-523). Magnetic Domain Patterns 
on Iron Whiskers. KH. V. Coleman and G. G. 
Scott (526-527 Domain Observations on 
Iron Whiskers. RK. W. DeBlois and C. D. 
Graham, jun. (528-529 Antiferromagnetic 
Domain Walls and the Magnetization Process 
in :-Fe.0;. I. S. Jacobs and C. P. Bean 
537-538 Size Dependence of ‘the Wall 
par teristics in a Two-Domain Iron Particle. 
Amar (542-543 
"‘eeeeniaee Dependence of the Hysteresis 
Loops of An Iron Chromium Alloy with 24°,,Cr. 
A. von Kienlin irch. Eisenh., 1958, 29, 
661-6 The form of the hy 
obtained with an Fe—Cr alloy 


d the result of previou 


steresis 
contaimmyg 
§ Suscey ti 
on a serie 
Cr alloy 
Magnetic Domains in 
Williams, R. C. Sherwood ans 
J. Appl. Phy 1958, 29, ’ 
On the Measurement of Permittivity and 
Tensor Permeability of Ferrites. N. Ovasa 
wal Toky lly em 1 Techn., 
1958, (8), 513-523 In English}. 
Permanent Magnets in Recent Years. N. 
Makino tsu to Hagane, 1958, 44, May, 


In Japanese : review, with 


Magnetic Properties of Spheroidal sani 
Cast Iron. 
N 


Shirakawa and 
1957, 1, + la "29 


yraphitization, 


eTrnceu iit MI ( aecr a 
The Influence of the Method “of Demag- 
netization on the Reversible Permeability of a 
High- ee Nickel Iron Alloy. R. ©. 
Jackson, E Lee and A. G Le Proughton 
B J ‘ppl Phys., 1958, 9, c., 495-497 
An Apparatus | Fa ‘Magnetic Anisotropy 
Analysis. B. B imofeey Jlektrichestve 
1957, , 72-74). th distortion of the field 
produ ya alternating current by a 
rectilinea mnducto onnected at right 
gle ( specimen is ob- 
served in the pparatus described 
Grain- oriented Electrical Steels. B. D 
Jenkins Elect. Times, 1959, 185, Jan., 3-7; 
A review of structure nd seomeition 
Experimental Studies on the Formation of a 
Superlattice in FeCo Alloy. I. Equilibrium 
Specific Electric Resistance. II. Specific Heat 
and Hardness. JT. Yokoyama. (Nippon Kin- 
zoku, 1956, 20, Nov., 644-647). I. From 
measurements of equilibrium specifie electric 
resistance, it is found that the Fe 
lattice is quickly formed as soon as the 
falls below the order-disorder tr 
point. [The curve 


Co super- 
temp 
instormation 
of equilibrium of specific 
with 
breaks at 730° and 550° C, 3 reference 

II. For ordered 


neat 


resistance against temp. is reversible, 
FeCo alloy, the curve of sp 
igainst temp. has peaks at 550° and 
30° ¢ The transformation 


curve has a break at 550° C. 


heat-temp. 
With micro 
hardness there is a max at 525°C. The 
alloy thus has a chanyve at 550° ¢ K.@. 
On the Interpretation of Errors in Sonic 
Testing. H. Krainer and E Krainer 
(Schweisstechn 1958, 12, March, 28-32 
he authors consider that reprodu 
tolerable limits t 
to imperfections to that 
tion « ends on the ma 
i dista f the imperfection 
The sensitivity of the t decreases linearly 
with section size R. P 
Failure of High-Carbon Steel Billets Detected 
by Ultrasonic Inspection. (Zetsu t& 
1958, » Mar., 347-349 c. B79 
On the Attenuation of Ultrasonic 
in Steels by Residual Stress. I. Influence of 
Thermal Stress in a Cylindrical Steel Bar. 
Il. Influence of Tensile Stress. A. ‘Takaoki 
(Nippon Kinzoku, 1957, 21, Oct., 589-593; 
593-59 I. Residual stress has a great 


influence « he attenuation of ultrasonic 


resuits 18 within 
of the echo dus 
to normal refles 
tude, 


rYLi- 


shape ar 
hape ¢ 


agane, 


Waves 


waves ve f 1-5 Me's were used on 


specimens of d o€ steel of size 70 mm dia. 
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280 mm. 


With water 
C attenuation decreased at the centre 


quenching trom 700 
and 
increased markedly at the circumference \ 
change produced by re 
with water 
anotner pr 


sidual stress was found 
quenching from 200-700" C, and 
xduced by str elieving appeared 
when quenched spec ! were heated at 
200-700" C. IL. Wa of 3 Me’s were used 
on 0-21-0-26°,C and ’ 
Attenuation by tensile es r 
with the 


20 stainless steels. 
rresponds 
stress-strain diagram, but the effect 
is small Pensile 
limit little attenus 
steel but has no effect 
Attenuation in 
increases with tense stress K. I 
On the Attenuation of Ultrasonic Waves 
in Ni Mo- V Steel with Various Structures. 
\ Pakeac : Na n Kinzo » 1957, 21 
Jan., 14 18). Results are 5 3 Me 
waves in 3% Ni-Mo-V steel. t 
itic grains cause the greatest atten 
even if the background structure is 
mission is wea ied a ferritic net 
The pe 


hermail transi 


stress within the elastic 


causes a ation in ferriti 
with 25 yaa 8) ate 


d_ steels 


pl istically detorme 


iation, ever 
Dainite 
“ariitic 
missibility thar 
structure x. 3 

A New Method of Measuring Compressive 
Forces Using Ultrastates. H Krachter 
*Werl ut und 1958, 91, »), 246 
245 lwo parallel plates pressed together 
partial pert 

rope rtion 


lave a 


easureme 
2000 ky em? ( 3 example 
CGompanetion Study of Defects in Heavy 
Forgings by Ultrasound aud Betatron. L 
I ) 79, Jan 


sting 
yuld 


. obtamnec 
iso the 


test and showed that it is 


extreme 


in special cases to submit the workpiece 
betatron examunation for supplementing 


the results <_* 

On the Attenuation of Ultrasonic Waves 
by Residual Stress (3rd Rep.) Influence of 
Somgnmiene and Bending Stress. A. Takaoki. 

n <inzoku, 1958, 22, Feb., 81-84 


Sight changes in attenuatior rf 


ultrasonic 
| 


is, but no 
and bend 


served in ferritic steer 


ones, both compressive 


waves were ob 


im austeniti 
ing tresses causing the attenuation to de 

4th Report); Attenuation by Thermal 
Stress in large Specimens and Austenitic 
Steel. (84-87). Large specimens exhibited 
the same effects as small ones The attenua 
tion be presence of thermal 


stress m¢ it also in austeniti 


crease. 


came less in the 
yt only in ferritic | 
author 


work on 


steels The concludes from this and 
th effect of residual 
of the change ot 
rent for the tw 


from earier 
stresses, that the mechanism 
attenuation must be diffe 
ot stress 1. G. W 

An Ultrasonic Irradiation Method of Immer- 
sion Testing of Metal Sheet and Comparison 
with Frequency-Modulation Methods. |. Keri 
Acta Techn., 1958, 21, 3-4), 327-345 
[In German The “ first-si 
described and shown to pern 


types 


gnai method 18 
uit either detection 
of smaller 
inspection It can only be used for 
ke than 8 mm thick and is limited by 


flaws or a much greater speed of 


plates 


roughness 
Attenuation of Ultrasonic Waves in Metals. 
Il. Stainless Steel. ‘I. Hirone and K. Kami- 
aki. (Sci. Rep. Res. Inst. Téhoku Univ., 
10A, Auzg., 76-2 {In English 
A steel with 19 Ni was used and 
attenuation witl ire and 
is observed. An explanation is 


1958, 
increasing juen 
grain size W 
advanced 

X-Ray ea J. Baxter. (S. 8S 
News, 1958, Sept., 23 The use of a 
dekatron-gated counter unit is described 

The Reciprocal Links of Some Spectral 
X-Ray and Magnetic Characteristics of Alloys 
on an Iron Base. 8. A. Nemnonov and K. M 
K olobova. Fiz. Met., 1958, 6, (3), 466-474 
rhe alloy elements were: Armco iron (99-8 


Al (99-96 
Fe—Al allo. 
was prepare 

I 
furna 


thin iron 


utiliz 

neti 

metal I 

A Simplified Procedure for 

Peak Position in X-Ray 

Measurements on Hardened 
4 | M ' 


Loistines in 


Calculating 
Residual Stress 
Steel. LD ; 


prepriv 
described 
which 


Microradiography, Principles and Applica- 
tions in Iron and Steel Research. W. John 
W Andre I l 


| : Vi avION are | t A. G. 

Experimental Studies on the Formation of 
Superlattice in FeCo Alloy. IV. Thermo- 
electromotive Force, Thermal Expansion and 
X-ray Investigation- I: v. On X-ray Investi- 
gation—-2. JT. \« ul | sto Hagane, 
1957, 21, May, 321-324 325 

em T\ f Dn rd 


‘Sabeeain Structure | in an Fe-Si Crystal as 
Seen by X-Ray Extinction Contrast IB 
Newkirk J. Appl. Phys., 1958, 28, 995 
YS 

Gamma ag pater of Fillet Welds. 

Hall S.S 158, Sey { 
» '€2]r sour ' Supporting 
Gear for X- Ray Routeaent, 9-1] 

The Effect of Gamma Irradiation on the 
Potential Behaviour of Platinum and Stainless 
Steel Electrodes. W. K. Clari Ele 
chem 1958, 105, Aug., 483-485 

Neutron Diffraction Investigation of the 
119 K ‘Transition in Magnetite. VW ( 
Ha (PI Rev., 1958, 110, June 1, 
1050 1057 

How Radiation Damages Metals. 

Makin. jtomics Nucl. En., 1958, 
Kffects on cree; 
ie crystals, stre train irve i on 
ile-brittle transition are discusses 

The Application of the Discoveries of 
Nuclear Physics to the otetucgionl Industry 
of the U.S.S.R. United Nations, E/ECE/305; 
E/ECE/Steel/119; 1958, 22-47 Uses of 
tracer el nt i tl idl f diffusion, 
solid solution s ctures, distribution of 
ment lé 4, t rnace and eel furnace 
processes, behe our otf ¢ i} and 
actions, O.H " radi« 
and rolling hickne control are 
described 

Determination of Equicohesive Tempera- 
tures. kK. Tamhankar rans. Indian Inst. 
Met., 1958, 11, 


tive behavio 


lag re 


89 ref 


mept., a3 The compara- 
irs of arse and fine grain 
effects of 
intergranular fissures formed above the 


materials and stress concentration 


equi- 
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cohe e temperature were st idied for an 
austenitic Ni-Cr steel For Armco iron most 
of the methods did not appiy on account of 
secondar etfects Structures are ilustrated 
and the gnificance the results is discu j 


Susceptibility to Volatilisation of a FeNi 
Alloy in the Sempesatass Range 77 to 290° K. 


Mir Fiz. Met., 1958, 6, (1), 
188-190 Determination of the relation hip 
between temperature and the volatilization 
process of a FeNi alloy in the range 77° to 


200° K d that volatilization is inversely 
proporti H1/2 (H being the value 


tic field in Ocersted R. Ss 


snowe 


al to ot the 





magne 
omit on tH as ee Strain 
Gages. 1.8.7.MS.1 230, 1958, 
ne, pp. 163 U se for assenautioal pur 
pose were covered primarily but the proper- 
ties of all types are discussed as well as methods 
of application and use 


An Apparatus for Heating Small Samples 
to Elevated Temperatures at High Pressures. 
J. Fennell, N. H. Haneock and R. 8S. Barnes 


(Met. Treatment, 1958, 25, Aug. 332-334 
\ levice incorporating a pressure vessel 
capable {f withstandim H000 psi at 45uU 
is deseribed \ irnace 1s lowered ver the 
end ntal w the sample for heating pur- 
poses The internal diameter is f% im. The 
apparatus was designed for tl study of the 
effects of ter paras ire nd pressure on ga 
bubbl and voids in solids 


Detepeatis Thermal a Above 1200 C 


I I Newh Cerar Soe 1958, 
41, (ct., 109 t14 ; juiprment and tech- 
nique for use pt 550° ¢ ire described 
The CaQO-Al,O,-Fe,O stem 1s used as an 
eXa } and t? sivas Of heating curves 18 
discussed 
Industrial Applications of X-Ray Analysis. 
dings f tith innual Conference 1957, 
enwen, lorado, pp. 494 The New Hilger 


Microfocus X-Ray Generator and = Applica- 
tions. F. Brech and J. R. Stanst 17-36) 
A Simplified Procedure for Caleulating Peak 
Position in X-Ray Residual Stress Measure- 
ments on Hardened Steel. |). P. Koistinen, 
RK. |} Marburger and R. P. Mitchel 37 
Abstract only Amorphous Solids, Small 
Particles and Thin Surface Films. F. Schoss 


berger (73-99 ~xamples include the study 
of electrol Ni coatings and the nature of 
the black tain produced on cold-rolled 
annealed ster From these and other results 
a scher for the reactions involved is elabor 
ated he filr sts of oxides and free ¢ 


Electrolytic Seohation and the X-Ray Study of 





Micro-constituents in Steels. K.W. Andrews 
and H Hughe 101-127) Isolation is 
described and the cells and eleetrolytes used 
are sl vn and choice of apparatus and medium 
is indicated After tation X-ray studies of 
compe tron parbicie Bizet and shape, and 
lattu ara rs are explained and interpre 
tations ar discussed with examples lem- 
pered martensite relating arbide to stage of 
tempering, carbide { | lloy steels, sigma 
phase, carbide reactions in Cr—Mo steel and 
other es are briefly considered. A Theo- 
retical Derivation of the Composition of Mix- 
able Specimens from Fluorescent X-Ray 
Intensities. J. Sherman (231-251 The ex 
ample ZnO Fe,O,- TiO,-Al,O, is” con 


sidered. X-Ray Spectrographic Determination 
of Tantalum, Niobium, Iron and Titanium 
Oxide Mixtures Using Simple Arithmetic 
Corrections for Interelement Effects. 

Mitchell 2 Determination of 
Uranium Dioxide in Stainless Steels by the 
X-Ray Fluorescence-Solution Method. L 


3-269 





Silverman, W Hul and loudy 271 
281 Ar ed lirect method after solution in 
HClO, ‘ Sr is used as internal 
indicator —- Obtained with the Modified 
Norelco pee = ) Miller (283-205 
Apparatus! iring oF insertion of a sample 
and a standard giving the analysis o! a stain 
loss steel in ~ 2 min. is described. Mag 
ne I ind a ‘ ents ol er atom 
can be determined "Rock pte cord by X- Ray 
Fluorescence Spesteesesae. - 4. A : hodk 

J. J. R. Brar ( 1 (315 27 
Micro-Analysis by "x. Ray Absorption, Fluo- 


rescence, Emission and Diffraction Using 
Ultra-Fine X-Ray Sources. V. k. Cosslett, 
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ABSTRACTS 
P. Duncumb, J. V. P. Long and W. C. Nixon 
A brief vuunt of the Cambridg 
wo Studies on steel are not referred to 
here. Applications of the Electron Probe 
Microanalyzer. and J 
+349 Uses on Cu—Fe 


Ace’ 





L. § jirks srooks 
minerals omer in 
liquid metal « rR 
X-Ray seoisnamahte 
y terme of Nickel Containing Alloys with 
Varied Sample Forms. ©. M. Davis and G. R. 


1d 


mass transfer studi 


Ss in 


escribed 


systems are 


Clark (351-366 The examination of drill 
mgs, millings and filings is deseribed Analy- 
sis of Diffusion Couples by X-Ray Absorption. 
R I Ogilvie (439-453 The process is 


given, one ot 
Components for 
Jones, K W 


described and examples 


the Fe 


are 

which 1 Cy couple 

X-Ray Delscheemetees. J. L 
H 


Paschen, H Swain and G. Andermann 
471-480 Use of the device can be made to 
determine S in steel with a deviation of 
0° 005° Recent Applications of the X- 


(483 
graphite is 


404 


one 


Ray Microscope. - 
Ductile iron with oa 
exan ple shi wh 

On the Problem of Standardising Radio- 
graphic Apparatus. (}. Moravia. (Schux 
techn., 1958, 12, March, 32-37) The author 
discusses desirability of standardising 
radiographic apparatus the principles 
involved Phote and dosimetric 
uren ympared Che latter are 
but offer the advantages of being 
more quantitative and less empirical R. I 

Micro-Radiography by Means of Photo- 
Electrons from Excited Metallic Surtaces. 
J. M. Bermudez de Castro y Mosquera 
Inst. Hierro Acero, 1958, 11, July-Sept., 
180-184 {In Spanish}. \ brief account of 
the theory and practice of 
given and illustrated by 
und the other of 


Summers 


lar 


188 


the 


and 





graphic 


meas ients are ¢ 


indirect 


this tec hnique is 


two ¢€ one 


xamples, 


of cast iron a particle thrown 


out of a basic convertor during the blow PLS 

A Micro-Analyser with peeetie Probe. 
( Crussard. (Schweisstechn., 1958, 12, April, 
43-47 rhe author discusses the applications 
of the electrome micro-analyser with par 
ticular reference to applications in_ the 
ferrous field Localized analysis makes it 


possible to determine inclusions, sulphides, 


irbides and oxides, light elements excepted, 
and to show up segregation The analyser 
can be used as an aid to the determination of 
equilibrium diagrams. The error is about 
l ind the lower limit of detection 0-2 
O-3 R.P 


Radio-Spectrographic Control of the Struc- 
tural Condition of Lifting Chains. A. Homes 








and R. Pankowski Rea Vét., 1958, 55, 
Sept., 865-871). A radio-sper trographiec con 
) described by the authors shows that 
characteristic brittle fracture often 
developed in the curved portion of the links 
of wrought won or steel, occurs in the regions 
oO grea work-hardening This work 
hardening and subsequent ageing causes the 
brittle tracture 


Radiographic Investigation of Strains and 
Particle Sizes in Iron and Steel. I. Influence 
of an Elastic Stress in Iron and Comparative 
Measurements - Tungsten. IF. Krasso and 
H. Moller irch. Eisenh., 1958, 29, Dee., 
757-771 Intensity distributions in X-ray 
interte matterns were on a 
plain steel alter 
order to 
polye 
and pe 


rence | measured 


carbon various heat treat 
the lattice con 


in respect ot 


determine 
Fe 
s1zes \ 


ments, 


dition ot rystailine 


distortions article yoniometer 


and scintillation counter were used for the 
ntensit measurements; lron samples in the 
stressed and unstressed conditions were tested 
on samples given a stress-removing anneal 
it 650 C, Mo Kg, radiation being used 


Tests were also 1 


nade on a specimen annealed 
at «ROO and comparative measurements 
were made on sintered W specimen The 
results are discussed 


The Structure of the Energy Spectrum of 
miastwens in Iron Chromium Alloys. N. 1D 
) \ 


OTISOV, Nemoshkalenko and A. M 
- r Doklady AN 1958, 12], (2), 264 
67 r) ai ‘ this work was to study 
the signit nt changes in the X-ray spectra, 
especially mm the region of the K-group, of the 
Cr and | t “ n th r tr sition int 

1 ! transtormatior trom t 


phase The main results are l the 
energy of the bottor f the band « miduc 
tivity of pure Uris increa ith te perature 
in iron, there is a Dre Sou ¢ mn the 
lirection of higher energ) 2) the energ ‘ 
the ceiling of this band of pure Cr and Fe 
remait , nt at 600 Poo ¢ 3) Ferm 
eneryg f ke I ts does not depend 
the concentr on ottl ponents Numer 
ical data pl ted in a table and a dia 
grar Ss. 1.9 


The Use of Radioactive ot aay in Metallo- 


graphic Research. K. Sag Tetall, 1959, 
13, Jan., 25-30 \ irve of the possible 
uses of radioisotopes in metallographic re 


rence to the literature 


with half-life 


search is given, with reie 


A table of isotopes is included, 
values nad mits sen t 116 refs.). 
end on Elevated- Temperature Properties 
of Chromium Steels. (12-27 per cent). 
W * Simmons and H. C. Cross 18.7... 
S.7.P. No, 228, 1958, July, pp. 113 Reports 
are presented on 12Cr, 12Cr—2Ni, 13Cr—2Ni 
3W (Greek Ascoloy), 12Cr-3W, 12Cr-—Nb, 
12Cr-2-75Mo-V Lapelloy), 12Cr-2-5W-V, 
12Cr—5Co-3W-—V (Cobalt Ascoloy), 13-Cr—-W 
Mo—\ 422 12Cr-2W-2Mo—-\V 422M), 12Cr 
Mo—-Nb-—V (H—-46 14Cr, 16Cr-2Ni, 17Cr, 
8Cr, 27Cr, 27Cr-Mo and 6 other 12 Cr steels 
High Temperature Properties of Four 


eae ag a Used in the Chemical Industry. 
‘ vy and G. Boyd he 





M } Ei “1958, 5, June, 263-264 \ sul 
mar is giver ! reey ind tress-rupture 
test 1 low-C 1° ,Cr-Me ( 
1% Cr—Mo steel, low-C 3°,Cr-Me ter nd 
yustenitic Cr—-Nisteel with 2-5 Mo and 0-5 


‘The Deformation and Fracture * Aighe 
I 








Iron at Low Temperatures. \W. 1) nd 
P. L. Pratt dicta Met., 1958, 6, aa 694 
703 Stresses for slip, twinning and cleavage 
of single crystals of Fe were determined at 

183° ( It is shown that brittle fracture 
the case of Fe crystals is described | the 
dislocation theory of cleavage, twin | idar 
acting as the necessary dislocation | iries 
Twinning results from a burst lislocatiorn 
released at the upper yield point and is con 
sidered to precede fracture eliminat i 
twinning by pre-straining or decarburization 
eliminates fracture by cleavage 

Some Low Temperature Observations of 
1020 ge F. S. Deronja and M. Gensamer 

18 preprint 87, 1958, pp. 11 It wa 
fi a . an incre in the grain size 
lowered the ductile-to-brittle transition tem 
perature and that the latter was raised con 
siderably when the testing speed was increased 


Pwinning preceded crack nucleation and pro 
pagation in the brittle range Twinning was 
the primary mode of deformation below, the 
transition temperature in coarse-grained 
steel, but slip was more important in finer 
grained metal.-—k. FE. W 


in the Solid 
Zev., 1958, 
Fick’s law, diffusion mech 
the Kirkendall effect, 
dependence, activation energy 





The Mechanism of Diffusion 
State. I Birchenall Vet 
3, (11 
anISIDS 
temperature 





> = oy 


, 235-277 


in metals 


and the frequency factor are considered and 
then ionic crystals, oxides with NaCl structure, 
spinel oxides, covalent crystals, and boundar 

and surtace diffusion are reviewed Selt 


nary coetticients are tabulated for metals, 
S and P 192 refs.) 
Seems of Activation for Diffusion in Solids. 
J 





R. W. Keves Chem Phys., 1958, 29, 
Sept., 467-475 Effects of pressure on diffu 
sion are reviewed and activation volumes for 
diffusion are caleulated using simple models 

lattice defects \ general ¢ juation whic 
represents experimental findings with fai 
accuracy can be derived from several of the 
models in terms activation energ and 
compressibility and Zener’s expression can be 


mi it 


obtained fro 
Some Observations Regardimg the Present 


Status of Measurements of the Diffusion 

Coefficients of Hydrogen in Iron and Mild 

Steel. K. ©. Frank J. Appl. Phy 195s, 

29, Aug., 1262-1263 I bser ion 

tw set diffusion 1 t H 1 

iron, one after the gas had been in the meta 
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“The Reduction of Passive Films by Reteeges 
Diffusion through Steel. KR. 4 vis jun. 
and T. J. But t } 1058, 
105, Oct., & 


00 mv 
th 
wrrelated 
" Kinetics of Hydrogen Absorption Des sorption 

and Permeation of — B. 2. G. O.. Be 

(Corrosion, 1958, 14, Dec., 562t—566t Ab 

sorption from moi he i om dilu 

nd the Kinetic 

ind perme 

tion and diffu 

With measul i Val 
Hydrogen Behaviour of Sheet Steel: A Re- 

port of Experimental Work Using Glass Coat- 

ings. ©. P. hu. Sheet Met Ind 

1958, 38 Aug., 585-588, 619 


of H 


is p< 

Activity of Oxygen in Liquid Iron Alloys. 
I FI J. Chi 
Vet M.E., 1958, 212, Aug 
Phe flicient of « 
tions 0 Oo, * nad Pt re the 
elont, andi Oa om V1 

The Effect of Vene@iam | on ‘the High and 
Low Temperature Mechanical Proportion of i a 
1 Cr-1 Mo Cast Steel. L. I). I ul : 
Zeno Mod. Castings, 1958, 34, Au 87 : 
Step additions were made t 10 G00 Th |} 

ap 0-04 1 


Mechanical Properties of Fe-Al Si Alloys 
at Room and +a Sne y ¥W D. J 
Sehmatz and V nt 
1958, (111 » pp 
Al levels was fou 


Al in improving 
aiso nh jit ‘ 
was iound to exist betwe 
ture and creep rate 1 
A Brief Survey of the otionae of Alloying 
Elements in Stainless Steels. K. W. Be 
Murex Rev., 1958, 


steels are classified 


, (19), 545-570 Chi 
id the effects of Cr, Ni, 
Mn, Si, Mo, W, Ti, Nb, Al, Cu, Co and V and 
S and Se are d ‘tail with numerou 
onstitution and physical proy 
! 


m on Intergranular corrosior 


issed in ae 


added with 

its pre ve 
Rare Earths Ho: a Ingots. 

ee tue. 1958 . 182, er 

Ref i ‘ 

\mer 


iron 


compositions and treatment 


ntion. 


vork 
ia { ations are discus 
The nah of the Interaction 
Aluminium Nitrogen, Boron, 


Between 
and Titanium 
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as it Influences Some Properties of Steel. 
’vatak nd Ya. E. ¢ i ni 


Effect of saieeens on the Struc ture ¢ 
ties ot St eel. Mw. V. P 
Me ‘a 


‘ ture 
na pre rt 
Seceatinntion of the Effects of Incongruous 
Elements and the Interaction Effects of These 
Elements on the High Temperature Strength 
of Fe Co Ni Cr Alloys. J. H 
Robertshaw i M. Richm 
¥} 4.t 
1316) 


at 1800 I 
15000 p 


* Me tal Selector. 


Materials icinaions Irons po Steels. 
Design Eng., 1958-59, f 


Mid 


AS 
Alloy Steel Plates. 
M 958, Sep 
How to Get More For Your Special Alloy 
Dollar. (lron Age, DS, 182, Oct. 16, 185 


200 revit 


the 200 series of staink 


Steels, ag and Carbon 


ini g., 1958, 


‘Age- Hardenable Austenitic 


Cast Steels. 
E.A. I C. Howel ind A. Bukow 


Study of 


Austenitic 
Steels P 
7 


iari 
ul 
Speci bal hes Bo 0st t Metalworking’ 8 yi se 
14 


S 3, Uct »s- 164 


Mo v Low All »y Steels for 
Service ( ur Vat 
ky "1958, 48, Oct., 


Consider Cr 
1000 F 


( I \ 


“Hizh- Temper rature Alloys: 
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15s 


1900 1958. 


nad t i ing 1 be 
Designing with ph Steels 
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of everyday uses for metals. Various types, 
their extrusion and flow turning, the slag 
washing process, and sandwich-rolled and 
decorative products are reviewed 

Recent Research Into Stainless Steels. 
(Mech. World, 1958, 188, Sept., 405-406). 
Notes on sigma-phase, the search for a 12% Cr 
ferritic age- or precipitation-hardening steel, 
conservati N stress-corrosion and 





id Fe-Cr-C-N and additions 


steels 


Cr 


Stainless Alloys—Present and Future. W. 0. 


sinder Chem. Eng. Prog., 1958, 54, Nov., 
45-50). A review of composition and corro 
sion resistance properties of old and new 


less steels and other alloys 


METALLOGRAPHY 


Oxidation and Figures of Thermal Etching 
of Fe-Si Alloys in a Hydrogen Atmosphere 


Containing Traces of Water Vapour. A. 
Ferro, C. Sari and G. Venturello. Met. Ital., 
1958, 50, Nov., 484-494). The authors study 


oxi lation as ¢ 1 fraction of time and ten perature 


Fe-Si alloys (1%, 3-5%, 6-4 in H, 
containing traces of water vapour Atten- 
tion is focused on the formation of pure silica 
and in a more oxidizing atmosphere, to the 


\t temperatures above 
study formation of 


formation of fayalite 


1200° C, the authors the 


etching figures on the sample surfaces. These 

ures can be related to the orientation of the 
vase crystal Attention is drawn to the oxi- 
dation of zones re-erystallized while main- 
tained at high temperature (26 References). 


Investigations on Silica rg in Cast 


Iron. G. Nafdori. (Koh. Lapok, Ontéde 
1958, 9, Oct.-Nov. 225-235 al 
and rising of silica inclusions in liquid cast 
iron is promoted by the Mn content Thus, 
silica inclusions present in a cast iron contain 
less than 1°%Mn are of submicroscopic 
size, and they are of microscopic size only in 
cast iron with 1°,Mn or more The Mn 


takes part, therefore, not only in desulphuriza- 
tion, but also in the deoixdation of cast tron. 
Examination of Inclusions in Steel. J. 
Verd. (Koh Lapok 1958, Oct.-Nov 
449-459 The author describes the various 
inclusions in steel, their origin, and their 
visual (macroscopic and microscopic) and 


The 


following chem- 


ical examination methods are discussed 
determination of oxygen in the form of Al,O,, 
vacuum hot-extraction, isolation of oxide, 
earbide and sulphide inclusions Some ade- 
quate deoxidation methods for cuenns 
the oxide inclusions in steel are also given. 

Studies on the Origin of Non- Metallic 
Inclusions meng 4 Report). T. Tokuda. 








{Tetsu to Hagane, 1958, 44, Mar., 
X-Ray data show evidence for i 
mina and quartz in inclusions. Zz. 


Study on Non-Metallic Socata rs Steel. 
VIII. On the Sand Mark in Steel. H. Takada, 
(Tetsu. Hagane, 1958, 44, Mar., 324-326). 

A Study on Carbides in High Speed Steels. I. 
3. Kimura. (Tetsu to Hagane, 1958, 44, Mar., 
414 Chemical the 


given, and composition of 
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compositions of 


also the 


the carbide and the ferrite after various heat- 
treatments. Re area are shown be 
tween tempering temy d the concentration 


aimanaiaie bennon ia thee arbide K. EB. 3. 
Electrolytic Potential in the Electrolytic 
Isolation of Carbides of Ball-Bearing Steels. 


M. Ueno and H. Nakashima. (Tetsu to 
Hagane, 1958, 44, Apr., 483-486 When 
carbides are isolated, the matrix does not 


always dissolve Quenching 
from higher temp. this effect—the 
retained nobler matrix. 
The potential is baser for annealed than for 
quene hed steel. Peeling is orre- 
lated with Cu content K.E.J 

A Study of the Carbides in Iron and Steel by 
Electrolytic Isolation. VI. On the Hetero- 
geneities of Cementite in Low Alloy Steels. 


* peeling as * 
increases 
austenite gives @a 


strongly « 


: Sato and T. Nishizawa. Nippon Kinzoku, 
1957, 21, Jan., 47-50 Results from steels 
containing 0-61°,C, 1-08% Mn and 1-13°,C, 


sh 
(Cr, 


w that eleme nts which raise the 
Mo, W, V, Ti) dissolve more 


1-42%Cr, 
A, point 
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pro-eutectoid than in pearlitic 
, while those which lower it (Mn, Ni) 
readily 10 references VII. 
Carbides in Tempered Plain Carbon and Low 


readily in 
cementite 


dissolve less 


Alloy Steels. (June, 418-422). In the first 
stage of tempering, hexagonal close-packed 
earbide was pptd In the third stage, ortho 


urbide was pptd.; reflections re 


those from entite, 


rhombic 


sembled platelet cen and 





there was no evidence of iron percarbi 

Small amounts of alloying elements made no 
change The nucleation of orthorhombic 
earbide is retarded by Si, Al and P, and 


hastened by S, Cr and V.—k. E. J. 

Study on Carbides in Commercial Special 
Steels by Electrolytic Isolation. V. On Car- 
bides in a Cold-Working Die Steels. 


T. Sato, T. Nishizawa and K. Murai (Tetsu 





to Hagane, 1958, 44, May, 565-570 In 
annealed high-( gh-Cr die steels the carbides 
are M.C,, while modified steels (39%,W ”Y 
1% Mo) have mainly M,,C High-C high-W 
steels contain M,,C, with some M,C. Most of 
the Cr, W and Mo content of the steel is in 
the carbides; after norma] quenching the ¢ 

Cr, W and Mo contents of austenite are les 
than those of the steel as a whol During 
tempering these carbides are formed from 
«-carbide via 6-carbid Vill. Carbides in 
High Speed Steels—II. T. Nishizawa lar 

414-416 Results are given for eight steels 
ranging from 18—4-—1 to 5-9-1 steel Hard 
ness figures are giv le nships are 





between the 


‘ compositior ot 
d the proportions of 


M,C, Mé 


shown 
the carbides ar 
and M,.C, in then KE. 

The Segregation of Epsilon-Carbide in 
Ferrite on Martensite During Tempering. 


V. Pitsch and A. Schrader (Arch. Eisenhittt., 
1958, 29, Nov., 715-721). After tempering 
massive steel specimen , containing super 
aaa earbon in solution, particles were 
found to once been segregated in the ferrite 
onsisting of two groups of el bands at 
ght angles to one another Electron diffrac 


tion examination ary that these were e- 
carbide particles I 
Investigation of Oxide Socteions Deformable 


by Hot Rolling in Mild Rimming Steels. H 








Lessing and H. Malissa (Arch. Eisenh., 1958, 
29, Oct., <9 629 ission 629 rhe 
needle-shape oxide it isions oceurring in 
rolled mild rimming steel were isolated and 
examined by microchemica! and radiographic 
methods. The melting point of the 8 
was 900—1L000"° C, consistent with th r 
deformation at rolling mperatures Their 
structure and composition are discussed 


Contribution to the Isolation of Sulphides in 
Steels. W. Koch ane Artner. irch. 
EFisenh., 1958, 29, Dec 744 It wa 


shown in € x pe riments on ommercial 












steels with S contents ranging m 0-005 
0-27% that sulphides of Mn, Fe 

ean be isolated quantitatively m an 

lyte with the composition: 5°,Na 

1-2°,.K Br and 0-6°, KI The effe 

Was investigated Various methods of 

tion of the isolates from carbides 
examined, of which only magnetic separation 
was stactory The structures of the iso- 


ated st 1ides was studied. 


Metallographic Examination of a Fusionless 


Weld on a Pearlitic Base. A. S. Amat 

Cien. Teen. Solda., 1958, 8, Sept.-Oct., 1 

153). Comparative mechanical and metallo 

graphic examination of a “ fusionless”’ and 

normal welding of specimens of pearlitic cast 

iron showed that the former type of weld was 
wr in strength and structure 


superi 

A Unique Solidification _—— from an 
Iron Melt. Schenck, . Baumann an 
M. Nacken Arch. Eisenh., 29, Dex 
773-774 An unusual solidification structure 
was obtained trom @ me It under vacu im, and 
developed from a 48 g Fe nodule The 
prot able ses of the growth of the structure 
are discussed 


Studies on Duplex-Grain Structure of Au- 


1958, 


cau 


stenite. II. Causes of Formation of Duplex- 
Grain Structures in Steels. Masuko. 
Tetsu to Hagane, 1958, 44, Apr., 476-479; 
May, 559-564). Unitorn duplex-grain 


during abrupt 
result of solution of grain 


structures appear 
istenite 


coarsening 


of ar as the 











growth Nor uiforn struc- 
tures are primary segregation of 
grain-growth inhibitors. Such inhibtors are 
primarily AIN, and to prevent duplex grains 
the content and primary segregation of this 
must be contr 1 Other nditions which 
produ e these structures ¢ described, (24 
refs K J 


Ferrite Indicator for Austenite Stainless 
—_ | Kamimura Tet t igane, 
1958, 44, Mar 346 347) K. 1 

Studies on the Primary et of Steel. 
Il. a a Structure and Segregation. U. 
Masuko etsu to Hagar 1958, 44, Mar., 
382 384). The effects of varying additions of 
Al and Al + Ti on forged and * structures 
and degree of segreygatior 
including 1-7°,C and 0-4°,C—Cr 
are described K.E.J 

Relation between Austenitic Grain Size and 
Aluminium Nitride. IV. Effect of Hot Work- 
ing and Thermal oe on Austenitic Grain 





various steels 


Mo 


steel) 


Size. G. Kato Hagane, 1958, " 
Mar., 428—430 he Its are ven for S15 CK 
and SCM 21 steels; the grain size is followed 
from the ingot through heating, forging, roll 
ing and rious heat treatments K. B. J 


The Effect of Nitrogen on the Tendency to 
Growth of the Austenitic Grain Size of Medium- 
Carbon Phosphorus- -Containing Steel. V. N. 

d 


Svechnikov a KI} lrust Vetall 
Obra. Met., 1958, (9), 15-19 St s with 
0-035-0-089° P were ed gs e deoxidized 
with Al as Al con ne with N They were 
melted in a h.f. furna nd saturated with 
N the P content bei } ted with ferro- 
nl pt Ih N ce ! sed as 
high as 0-025 Grain size rrelated 
and the separation of aluminium nitride in the 
deoxidized teels was pr ed 

Formation and Stability of «-Phase on 
Nitrided Iron. A. Burdese Met. Ital 
1958, 50, Dec., 529-5: The paper dis 
cusses morpholog characteristi han 
ical properties and rmat velocit of 
nitrided layer nd rent i Phe nitre 
gen distribution in the surface layers and the 
effects of quenching and tempering on the 
stability of the nitrides examined with 
particular reference to the «-phase (15 


rences ip 


Comparative Study of the Allotropic Trans- 











formations of ved and Uranium. P. Lehr 
and J. angel Rei Mét., 1958, 55, 
Sept., 829-839). rh { a-y changes 
in Fe and U respectiy both ce place by 
a process of nucleation and growth; stresses 
produced by volume changes ver in each 
case to true | 1¢ detori t Ther ilts 
obtained for each poe ure I j 

On the Theory of the Irreve rsible Process in 
oIron. J. Meixner and B. Manz fF 
We Nordrhein- Westfalen), 1958, (492), py il 
30). Using the (¢ toms in a-Fe ; an ex 
ample, the irrever process in a—Fe i- 
considered, with a discussion of two specias 
case 


Transformations During Heating of at 
ened White Iron. IF. KK. Tkachenko and \V 











Zubarevy Vetall. Obra. Met., 1958, - 
24-2 Thermal, dilator I und igneti 

curves were obtained multaneously during 
the heating f hardened and non 
hardened tro paratus is deseribed, 
the curves g i pl raphically, 
Steels U10 and 60 S2 were Iso in d. 
Magnetic transformation of the ferrite was 
observed below the Ac, point and at the second 
transiormation temperature austenite gave 
martensite and a magnetic transformation of 
some kind took place in the carbide Perme 

ability increased in the third transformation 
range, supposed to be due to stress relief in 
the a-phase. 


Influence of Various Elements on the For- 
mation of Spheroidal Graphite in Cast Iron 
Treated with Magnesium. K. Ozaki Tetsu 
to Hagane, 1958, 44, Mar., 359-3 : Che 
eleme -* discussed are Si, Cr, P, Mn, Cu, Mo, 
ri, Sn, Al and Ts K. E. 

Studies. ‘on Graphitization of White Cast 





Iron. II. The weet of Copper. K. Futa 
kawa. (Nippon Kinzoku, 1957, 21, June, 
t 385). Results are given for 2-35 & ied 
1-75%5i iron. With increase of copper 
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content in the range 0-32 — 1-15%, the time 
for completion of the first stage of graphiti- 
zation was reduced, that for the second stage 
(direct transformation) was increased, and 
the temp. —— in which graphitization was 
completed only by direct transformation was 
increased.—kK. E. J. 

The Free Energy of Formation and the Inter- 
facial Enthalpy in Pearlite. J. J. Kramer, 
G. M. Pound and R. F. Mehl. (Acta Met., 
1958, 6, Dec., 763-771). In the case of the 
Fe—-C eutectoid, the interfacial enthalpy of 
the pearlite phase was found to be 1400 
300 ergs/em?2, and the interfacial free energy 
estimated to be 700 this being 
probably about } that required by the Zener 
theory for pearlite growth 

The Effect of Rate of Cooling from the 
Austenite Range upon the Microstructure 
of Low-Carbon Rimmed Steel. On the Forma- 
tion of Pearlite-Free a K. Yoshida. 
(Tetsu to Hagane, 1958, 44, Apr., 471-475). 
Experiments were made with a range of 
cooling rates after homogenizing annealing 
at 950° C for 30 min. Pearlite-free structures 
were found in specimens cooled below 700° C 


ergs cm’, 


at 3°C/min; these were of 0-08%C steel 
oled at above 150° C/min and 0-05°C steel 
cooled at above 20° C/min to 700° C. These 


specimens — very high Charpy impact 
values.—K. E. 

Sub-zero Secetuent of Quenched Steel. 
III. Some Considerations on the Stabilization 
of the Retained Austenite. Y. Imai and M. 
Izumiyama. (Nippon Kinzoku, 1957, Q1, 
July, 437-440). tesults are given for several 
types of steel (analyses given). A suggested 
mechanism of stabilization of retained austenite 
after partial transformation to 
is based on the 


martensite 
increase in resistance to mar- 
tensite formation attributable to interstitial 
solute cially C or N) forming clus 
ters intheaustenite. (38 references).—k. BE. 4. 
Change in Some of the Properties of Steel 
EI 612 as a Function of the Extent of Decom- 
position of the Austenite. V. 1. Prosvirin 
and L. ", Chernov. (Metall. Obra. Met., 
1958, (6), 10-14). Steel with 0-1°2C, 14-3 
Cr, 35: 8° Ni, 2-6°W, 1-4%Ti and 0-37°% Al 
was heated at temperatures of 650-1000° C 
for 1 h and hardness and impact-resistance 
were measured, also changes over longer 
periods at 750° C were recorded. Embrittle 
ment was most intensive during the first 1-2 h. 
At high temperatures impact strength in- 


atoms (espe 


creases again on prolonged heating and is 
more rapid at higher temperatures. The 


phases separating and the changes in plastic 
prope rties are also described. 

Oscillations and Resonance in the Kinetics 
of Martensite Formation. . . Grum- 
Grzhimailo. (Doklady A.N., 1958, 121, (5), 
850-851). There is a tendency for the iron 
carbide in austenite to form a polymer 
Fe,,C,, which is unstable on its separation 
from austenite and forms graphite. The 
velocity of the reaction Fe,.C, ~~ 6Fe,C of 
the isothermal breakdown of austenite can be 
calculated by means of a formula in which 
¢(T) is a temperature function relating to the 
changes in the outer electron shells of iron 
atoms followed by a rearrangement of electron 
spins and emergence of ferromagnetism. The 
curve for ¢(T) can be obtained from the dia- 
gram of decomposition of austenite by an 
empirical setting of one of its factors. The 
curve obtained shows a marked oscillatory 
character and a strong resonance at the point 
of martensite formation.—s. I. 7 

The Effect of Tensile Stress on the Austenite— 
Martensite Conversion in Iron-Nickel Mono- 
crystals. Kochendérfer and G. Otto. 
(Arch. Eisenhiitt., 1958, 29, Nov., 709-714). 
Large, uniformly oriented martensite areas 
were produced in Fe—Ni monocrystals with 
30% Ni by slow cooling to the temperature 
of liquid air while maintaining a temperature 
gradient of 10-20° over the length of the 
sample under the action of tensile strain 
amounting to 75% of the yield point.—t. J. L. 

The Transformations of Austenite: Mechan- 
ism of Pearlite and Bainite Formation. M. 
Doi and K. Fujimori. (Bol. A.B.M., 1958, 
14, Jan., 111-138). [In Portuguese]. Theories 
are based on the Fe—C diagram theoretically 
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calculated by one of the authors 
metallographic and crystallographi 
tions. Pearlite is formed by incoherent co- 
precipitation of the two phases, the ferrite 
first formed is supersaturated in carbon, but 
immediately decomposes to stable ferrite and 
cementite. Upper bainite is formed by (a) 
initial precipitation of cementite followed by 
b) transformation of the surrounding regions 
into supersaturated ferrite by a 
diffusionless process. This 


and on 
observa- 


coherent, 
supersaturated 


ferrite immediately transforms into stable 
ferrite and cementite with relief of internal 
stresses. Slip to relieve internal stresses 
cannot occur. Lower bainite forms by (a) 
initial precipitation of cementite (b) trans- 
formation of the surrounding regions into 


supersaturated ferrite by a diffusionless pro 
cess, similar to martensite formation, with 
relief of internal stresses by slip, and (c) 
growth by plate formation similar to the mar- 
tensite in In-Tl. Cementite precipitates 
preferentially in the slip planes of the ferrite 
from the supersaturated solution. The differ 
ences between upper and lower bainite forma- 
tion are attributed to the atomic tg ility of 
carbon atoms. (33 references).—P. 

Sub-zero Treatment of Guenchet Steel 
(4th Report). Control of Stabilisation of Re- 
tained Austenite. Y. Imai and M. Izumivama 
(Nippon Kinzoku, 1958, 22, Jan., 7-11) 
Austenite stabilization after partial trans- 
formation to martensite was investigated on 
1%C steels containing respectively 0-14°,Al, 
0-04°OTi, 1°.Ni, and 0-08°,Sn. From the 
results it is concluded that stabilization is 
based mainly on the effect of interstitial 
solute atoms J.G. JW. 

Concerning the Formation of Austenite in 
Steel During Heating by the Reverse Martensite 
Transformation. 8. K. Sokolov and V. D. 
Sadovskit (Fiz. Met., 1958, 6, (3), 568-569). 
4 metallographic proof is offered regarding 
the two possible mechanisms of austenite 
formation in quenched structural steel alloys. 
A diffusion mechanismfsimilar to that occurring 
during the decay of the super-cooled austenite 
(pearlite-troostite decay) and the other, 
without diffusion through the martensite 
transformation when the austenite can origi- 
nate either by a non-diffusion interaction 
between ferrite and carbide or by a non- 
diffusion process similar to the reverse marten- 
site transformation. L. H. 

Martensitic Transformations and Deter- 
mination of the Inhomogeneous Deformation. 
D. 8. Lieberman. (Acta Met., 1958, 6, Oct., 
680-693). A graphical method is presented 
for determining directly from observations of 
the crystallographic features of a martensitic 
transformation, the 





inhomogeneous deforma- 


tion which forms part of the total trans- 
formation, and the pattern of which has 
seldom been observed. Evidence of the 


correctness of the method is given, and the 
technique is applied to a case in which accurate 
experimental data are available. 

Effect of Preliminary Plastic Deformation 
on the Martensite Transformation in a FeCrNi 
Alloy. G. V. Kurdyumov, O. P. Kaksimova, 
A, &. 7A woth Z. D. Pavlenko and A. M. 
Yampol’skii. (tz. Met., 1958, 6, (1), 95-105). 
An account is given of investigations to 
explain the influence of plastic deformation 
and subsequent annealing on the martensite 
transformation in FeCrNi alloys of the 18/8 
type. Varying degrees of deformation were 
applied at 20, 100 and 175°C. Plastic 
deformation can accelerate or retard marten- 
site transformation depending on conditions 
of deformation and annealing. Slight defor- 
mation accelerates transformation, widens the 
temperature range in which transformation 
occurs, and increases the initial rate of isother 
mal transformation and the total amount of the 
martensite phase. When the amount and tem- 
perature of deformation are increased, the 
retarding effect of deformation on the austenite 
becomes more apparent.—R. 8. 

Cooling Transformation Diagrams for A.1.8.I. 
4024 and 52100. KR. C. Hess and D. J. 
Blickwede. (Met. Prog., 1958, 74, July, 
968). (Metal Progress Data Sheet).—t. a. 

Transformation Diagrams for the Heat- 
Treatment of Steels. S. N. A. Narayan and 
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G. Maver (Tisco, 1958, §, July, 120-128). 
The relationships between the 
trans! 


nature of 
nation products obtained in isother- 
ictions and those derived by ¢« 





mal re ontinuous 


cooling are discussed Tex hniq ies Obtaining 
continuous cooling diagrams are described 
with examples, and the application of the curves 
to heat-treatment problems is outlined 
Phase Changes in Steel in Relation to the 
Iron-Carbon System. J. 8. Vatcha 
(Tisco, 1958, §, July, 85-91) A general 
account of the phase changes in the Fe 
system at different temperatures and the 


randhy. 


normal heat-treatment procedures employe | 
for steel. 

Transformations in Steel during Slow Cool- 
ing. P. K. Chakravarty. Tisco, 1958, 5, 
July, 92-105). An account is given of the 
structures obtained by the slow cooling of 


steel, the mechanism of their formation and 
the mechani 


al properties obtained (40 refs.). 
Phase Transformations in Steel during 
Rapid Cooling. V. G. Paranjpe. (T'isco, 


1958, 5, July, 106-119 Che 
of the 
f 


mechanisms 
changes taking 
from the at 


ace in the rapid cooling 
tenitizing 





of steel t iperature 
are discussed, and the requirements for rapid 
cooling for hardening deduced (53 refs.) 


Influence of the Non-Uniform Electrical 
Resistance of Steel on Phase Transformations 
with Electro-Thermal Treatment. N. M. 

todigin. (Fiz. Met., 1958, 6, (2), 315-320). 


The special features of the electro-thermal 
treatment are the non-uniformity of the 
precipitation of substances in the micro- 
volumes which have a_ different specific 
electrical resistance Ihe spread of the ther- 
mal energy depends on the form and on the 


distribution of these microzones he defor- 
mation of the crystal | 


result of the 


ittice is therefor a 


unequal heating and it also con- 


tributes to austenization.—-L. i 

Metallurgical Problems. Eguilibrium Dia- 
grams. J. A. Morales Belda Dyna, 1958, 
33, Feb., 75-93). In Spanish The use 


of binary equilibrium diagran 
solidification temper 


s to determine 
ratures, microstructures 
etc. is explained by 


means of a series of 


related to a 


(jues- 
ane | 
alloy systems P.38 

The Redistribution of a Second Phase during 
Annealing in a Temperature Gradient. P. G. 
Shewman. Trans Met. AJ.M.E., 1958, 
212, Oct., 642-647). The redistribution of 


phases in a 2-phase system due to the 


tions answers variety of 


c xistence 
during annealing of a temperature gradient 
is discussed, — the possible mechanism 
examined. Fe,C is shown to be transported 
to the hot end - a-Fe, and the kinetics of the 
distribution are calculated, making 
assumptions. 

Liquid Immiscibility in Copper-Iron and 
Copper-Cobalt Systems in the Supercooled 
State. Y. Nakagawa. (Acta Met., 1958, 6, 
Nov., 704-711). The constitution of Cu-Fe 
systems was studied by magnetic measure- 
ments at high temperatures and by micro- 
scopical examination of the quenched speci- 
men. Liquid immiscibility found only 
in the supercooled state; the temperature of 
critical mixing was found to be 20° C below the 
liquidus curves at the equi-atomic composition. 


certain 


was 
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The Present Status of the Oil Ash eee 
Problem. NACE Task Group T-5B-: Cor- 
rosion, 1958, 14, Aug., 369t-372t Corrosion 
has been attributed to V,0,, S or NaCl. 
Five case histories are discussed and proposed 
solutions are offered using inhibitors, different 
alloys, lower temperatures or changed oil 
composition 

Corrosion Phenomena in Condenser Tubes. 
A. J. Maurin. Corros inticorros., 1957, 5, 
Dec., 383-393; 1958, 6, Jan., 15-25 rhe 
author summarizes the various reasons which 
have been advanced for the corrosion of 
condenser tubes, particularly those of cupro- 
nickel and of iron. He goes on to discuss the 
action of KMnO, as an inhibitor and the theory 
of cathodic protection. Preventive measures 


as well as cures are suggested Rn. P 
Corrosion of Iron Alloys by Superheated 
Steam. T. Samuel. (Corroa. {nticorros., 
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95%, 6, J +8 lr} suthor re Ws I 
art { it t high-temperatur xia 
tior ! \ and the theornes on which 

a} ation ri the rate f lat H 
based rt i r ull ' f nts 
and tirne r ah int af t It 
followed | i lescription Cebedeanu 8 
tl r tric tl 1 it tudving ne 
orro n of some alloys in superheated stear 
20 references R 

Some Relations between Deposition and 
Corrosion Contamination in Low Make-Up 
Systems for Steam Power Plants. i. 5 

na Corrosion, 1958, 


Johnson and H. K 
14, y 


advanced to su 


\ mechanisn 
and inter 





actions of contalr nants are mor 8 ni int 
with reyvard to deposition than the absolute 
" nt 0 t ndividual contaminants 
Examples ar juoted The ratio of Cu to 
Fe seems t 6 significant, small variations 
ur ther 101 >not seem to be important 


Removal of ‘cues sion Prodi ucts from High- 
Temperature, High Purity Water Systems with 





an Axial Bed Filter. R. E. Larson and 8. I 
Willian rroa { 14, 4t 
42st The removal of radioactive corrosior 
products | an axial bed filter developed for 
the purpose is descenmbed 
Corrosion of Steel Weldments. J { 
Mack wan und H H Yates Corr n, 
1959, 15, Jar 2t-6t \ test on 46 steel 
weldments by per ] 1; immersi in 3 Nal 
for 12 mn t reported Weight ost 
aey id ont teel r her than t pe 
vw i, but un tl i rey i both factors wer 
rned Value wer obtaimmed for h 
k t circuit rent bet race f 
pares nd i tal ) yer 4 ibbled 
In th ition and the aet it ‘ t! 
ré | ro. 4 6 | t F ] 
4) th tul r lout 
0 
A Review of the Gas Condensate Well 
Corrosion Problem. D. R. Finet y 
sion, 1958, 14, Sept., 403t-404t \ review 
wit! Dp ‘ re rer t the h pres re 
we The vari metho of ay 
in hibit re noted i tl itionshiy 
t 4 r r ited to th wethod 
prot n used 
Corrosion of Valve Seat Ring Results in 
Flexible Metal. | I Prior ( sion, 
1959, 15, J = Phe failure fa 316 
ahi n le ed | attr 
buted ft n tornh ing I treat 
ment 
Observations on Corrosion Resistance of 
High Strength Stainless Steels for Aire rait. 
J. Halbig nd ©; B. Elhs ( sion, 
1958, 14, A SOt-RO5t C. parisor 
pr tat ar ! types is mad iu id 
ur 1 new st i 1 PH 1 Me lest 
mn higt ‘ ture ! n rity water sist 
an s ling, at apher rrosior 
resistal ! t son Wate ni 
' ' racking, and | and 
we rT i 


On the Influence of Aggressive Carbonic 
Ac id on the Corrosion of Steel in Water. | 


talo and J. Heinaner Tekn. Kemian, 
= 8, 15, Dex sl, 625-627 In Enylist 
I t : te } 
! t urd a ¢ t 
co) I t 
os iter ! wi t I nn 
sider th f hard Uy li ton 
ra ntl ‘ co har vater 
t ! I ' 


Corrosion of Mild Steel in Aqueous Mono- 
| 


ethanolamine. H. RK. Froning and | 
Tor Ind. I Chem., 1958, 50, D 
1737-1738 I t with pure ‘ tions at 
b.} t her f N i CO, wer 
| nm } f HS Hy, v | 

and a from 4% & vessel was found tft 
reduce corrosion 

Weight Loss of Common Cast Iron by 
Corrosion with Fused Alkali. WK. Ima 
Tetsu to Hagane, 1958, 44, Mar., 365-366 
Deta are ven of weight loss against king 
time in NaOH a 0 ¢ Phe weight 

Corrosion Problems in the Manufacture of 


Phosphoric Acid from Elemental Phosphorus. 


JOURNAL OF THE 


RON AND STEEL INSTITU 





ABSTRACTS 





-s Barber Corr 1958 

SOTt-362t Corrosion rat vari > 

ur measured usi s1 tainlesa teel as 

st rd rh t lard wa ry ! 

| t nceent t te veratur 1 i 
itions and pared th t Ol i 

30 17-4 PH gs { ferr 
all | I il ur be lo wher 
the KX pensive teeIs would be econ 


Sennen and ‘Water Purity Control tor the 








Army Package Power Reactor. K..J. Clark and 
\. L. Medin ( rosion, 1958,14, Sept., 419t 
$25t Ih water for a pressurized ter 
j i " dt a Ff t t 600 OOO 
yhim en Corro m problem ire reviewed, 
the rat has been | wer than the estimate of 
O-O51 ith 
The Distribution of Soil Gondnctivities and 
Some ge G Scott 
, 1958, 14, \ , s¥6t- 400 SS 1 ore t 
t data re g nh and without advar 1 
matt at te Ti he 1 hatt 
i nor i it ribution « tl ‘ ol cor 
juctivit r large ral of 14 pe 
Practical appl tor t th relationsh t 
i i 
E sfoliation of Metals at ng pe. 
Inagaki Ty 
i 1058 10A. ( ... 394 In Ex 
h A number of met vere t d In 
th f | for Sar va t 
1, crushed and put to a screw pulverizer 
wl ! 1 Li he iupt int ( rhe g in 
z the | I i i depen is ! 
t erat xperiu ! i th I 
= t 1 r detal 


Growth in Needles of the Hematite Phase in 


Films Formed in the Oxidation of Iron at 
Elevated Re, J. Paidassi lefa 
Wet., 1958, 6, De TAO In Frenel 

De ur per nts on the pr 

i t vi tl Fe,O pha { 
f rl l I veated to var s tem) i 
tures I iti s ‘ I th pr 


established 


Methods of Convesion Testing. W. Wied 


ol { the } ers re 





holt U Inticorr 1958, 6, Mare} 
S- 100 Pests carried Out im moist air, in 
So) 1 (© t var i temperatures i 
lin rs and by ther od of alternat 
mi ! I leseril i Yr} re t 

sts al ised find the method w ! ll 
‘ I Its mparable with servi con 


Results of Co-ordinated Experiments by 
Several Laboratories for the Development of 
Corrosion Testing Methods Capable of prantare- 
isation (I). mt Wie 


lerholt 


Nov | 337 47; 





flache, 195%, 12, Ovt., 305-307 
Le 6Y- 371 rhe object f tl X pe! 
ment i i id ! te ing nadit 
lescribed fetal I materials te i 
1 tl i of rryving it the test nd 

me! t & IF ina 1a por le 
il ieuit vitl . mally ul Xx perimental 
results are d 8 


Corrosion by ee Moisture 


A Simple 
Test Apparatus. 8S. ©. Bri Corros. et 
loot L058, 


tton 





1 8, 6, Oct 346-351 The 
pparat bed exy plate sar st 
oI cor I I to vered storage 
nah ia 1 I I} resistance 
val t nd 1 ta ig his 
ty} orrosion a (i ‘ 


A Method for Determining ‘Corvesion Rates 


from Linear Polarization Data. Ster 

Corrosion, 1958 Sept., 440t-444t Phe 
slope of the linear portion of the Fe polariza 
tion irve can be related to corrosion rate 
A theoretical basis for this obser ion and the 
testing method usiny this on Hil} i Ww 
v d out and it are discussed 





Electrochemic al Measurements to Determine 
the Causes of Damage to Corrosion. H 


Schmech Werks A 158, 9, Nov 
690-69 I} cas rrosion I 
stu | lectrochemu inder peratil 
onditions, by examining C.D irves plotted 


y testneshoun i on Study of Pitting Corro- 


sion of Stainless Steels. N. D. Greene and 
M. E. Fe , 1959, 15, Jar 

t st \ i pit } u nt t I 
i ist ! I tt { I Is ( 
SUN I t rh t 


ature of the pros S18 ed and ¢ fen 
nas bee nobpt mned 1 1on Teer ny it pit ites 
wv the first tir 2. Polarization Measure- 
ments. (3t 44t Pitting with th ibove 
pecimen in Fet tion was exami i and 
na t ¢ pie t i 
‘a n I 1 or ed 


potential the ,dvanced 
Siecinssbamie al Study of the Corrosion of 
Stainless Steels. J.-M. Defi 





t ’ 1958, 6, Oct 563-372 Phi 
bases and tpplicatior ft e@lects al 
thod f n t ng a { ed 
re il reference to the ealized ry 


Setsantestedin ‘and Potentiostatic Investiga- 








tions of the Electrochemical Behaviour and 
Corrosion « a — Alloys. R Ss 
Roy. Bel ng ‘ 1958, Nov., 499 
ovo 4 sae of a Stud Group held } . 
t the University of Bru 
ergy 2 Testing ne Aerosols. W. He 
issk. Kjenic Be . db » 1958, 18, (10), 
rt L165 The salt spra t crit i 
ind & new apparat sit n List ed 
nh gel ) juid fiur i i il and 
\ ted It a rs t I I il 


| 
He { 1958, 8, 
Sprir TOO40 \ ' ' | 
eT , suit pr \ t mn ot 
ted methods of t ing Cr—Ni—Cu Ss 
I nd non { and 
le ex} re t ! rried t 
rl 24h SO, t yas i t t r 
t t t tr it ‘ A I i t T 
r non me lest t 
ilk i h 
f breal x ' 


A Radionative ansaninn sie. D. A 


Inst. Fuel, 1959, 32, Jan., 10-14 \ 
is nm air heats tr ! r 8 
und ot r hea x nye s ! 
I sou rnal led i I I 
mated Ir tt IV t 3 
fier test 
Effect of Grain Size on the Resistance of 
ar to oe Erosion. [. N. B he 
R Mints. (Metal Obra. Met.. 
19 8, Aug 26—-29 Kes i n 
er or 5 sl n to depe i 8 the 
iat t i t ia i 1 ture 
t Further Ss! 
Corrosion Rates in Port ete Harbor 
Cc. V. Brouilk . 1958, 14, A 
s52t bt \ ste nad tails steel 
ver j lexi 3 t i 
r ’ I | i 
ind ra f TOSION ar iar 
i ( en water 
Gannesion of Metals in Tropical Environ- 
ments. ( South 6b. W. Forgesor 
and A. | \lexander ( 195s, 14, 
Sept., $35t—45Ut | 3ts ver s eu! n 
the { | Zor ul i red 
witt x posure } Sa ' 
t rate rit 1} 
filit re I rae ( | ‘ i 
2 1 5°Ni st ynd r propi ar 
LOW i sre repor I hie ppel 
stec was onl 13-14 corroded than 
! teel, the Ni steels were very effective 
Contribution to the Evaluation of the 


Qualities of Cast Irons Corrosion-Resistant at 
Various Temperatures. P. Detrez ( 





Lit r ; es a 374-382 The 
author stresses the importan ting tk 
I I na wi nh pal t« perate 
n order ch ‘ ital I ri Le w-l 
ast rot re rred t mn part ir The 
reiati between the ratur i appli 
i I I at ited aga t structi and 
mposition Carbor ntent ibe be 4 
acts ry ADilize t tf mal CK 
Mir the or t : 3 tat es | rlit 
} h | i Ss a nd to graphitiza 


Study of the Intercrystalline Corrosion of 18 8 


Stainless Steel by Observation of Internal 
Friction. M. Smialowski and W. Drozd 
Corr Lvetic s., 1957, 5, De 14-39 
Phe hor ' their exper , 
Ke ipparat sil ‘ , . : 

gO | prays I 4 i I ro ! iia 


1959 

















They conclude that the determination of 
changes in internal friction offers no advantage 
for studies on intererystalline corrosi 
However, the method offers possibilities for 
studying those structural chan 
itic steel which render it more prone to inter- 
crystalline corr: mn R. 

Tests on the ‘Corsesion ‘ot Electrolytically 
Deposited Zinc coatings on Chemically Passi- 
vated Steel. ‘T. Bieste} (Corros. Anti 
1958, 6, Feb., 59-65). The author 
and results regarding the rela- 
tive merits of 15 solutions for 
zine coatings. Chemical passivation increases 
the corrosion-resistance of zinc coatings 
{mong solutions recommended for passivation 
is one containing chromic, nitric, sulphuric 
and acetic acids R. P. 

Study of Internal Corrosion at Varying 
Pressures and the Distribution of Purified 
Town Gas. J. Morlet. (Corros i nticorre 
1958, 6, April, 127-131] Tests and results 
are given regarding the corrosion of mild 
steel by purified town gas at various pressures, 
It was found that dehydration of the 
reducing its oxygen content will 

The Effect of Aeration on the Corrosion 
Resistance of Welded Joints in 18Cr-9Ni 
Steel in Boling ne Acid. N. A. Langer 
and B Medovar vtom. Svarka, 1958, 
9 i. 48-51 masumain lata are 
given which evidence the propert of O 
to delay the corrosion of welded 
IKhISN9T (18Cr—-9Ni) steel in boiling H SO, 
The delaying action was also promoted by 
small additions of HNO M. 1 

On the Passivity of Stainless Steels in Sul- 
phuric Acid. Influence of Thermal Treat- 
ment between 1050 and 650 C and a 
of Cold Deformation. ©. Carius. (Mét. Corr 
Ind., 1958, 33, Jan., 6-29 the i 
describes results and tests on 18/8 type stair 
less steels; the potential during 





ges in austen 


corro’., 
discusses tests 


passivating 


gasand or 
render it 
Trosive. RK. P 


om#t I 
jommts in 


ithor 


corrosion 1s 


taken as a measure of the free energy chang 


during dissolution in 4NH,SO, par enue 
tion of the method of potenti = measurement 
is eer t a discussion on the influence 
of pH « \d of therm al treatment on the trans 
dedeeatie n potential Pitting due to chloride 


electrochemical 
chloride after 


cribed, also the 
behaviour of steel in calcium 
cold deformation P 
Documentation and ‘Rust Protection bef 
Paints. K. A. van Oeteren-Panhauser. (Werk 
Korr., 1958, 9, Nov., 681 Methods 
of recording and evaluating laboratory and 
field corrosion tests are 
On the Theory of Iron Oxidation. Bb 
Prenosil and J. Polasek Hutn. Listy, 1958, 
13, (10), 908-916 After a review of the 
present state of knowledge of the 
iron oxidation, the authors outline 
t re lationships between 


ions is des 


686) 


discussed. 


process of 

ther 
partial 
grain boundaries and the 
stal lattice defects The 
devoted to an 
the kinetics of the growth of polyphase oxide 
layers rhe growth of individual layers is not 
necessarily independent of that of other 
lavers, the relationship which can 
be quantitatively determined |} the method 


concept of the 
Or, pressures on the 
concentrations of cr 


work is primaril analysis of 


hetween 





of analysis mdicated The process of the 
formation ot the oxide layers during an 
isotherm process 18 g erned | the ara 
bolic law Through analysis the diffusior 
ecoetlicients of the migratory cor ponents 

the oxide layers and the differences in their 
concentration on the grain boundaries may 


be determined M. 1 

An Investigation of Intergranular Oxidation 
in Stainless Steels and High-Nickel Alloys. I. 
C. A. Siebert, M. J. Sinnott, L. H. DeSmyter 
and R. E. Keitl WADC Tech. Reeeet 
55-470; PB 131471; 1955, June, pp. 100 
Type 310 stainless was oxidized for 100-h 
periods under stress and up to 500-h unstressed 


and intergranular corrosion was observed 


microscopically Phe scales formed wert 
examined with X-rays and the subsurface by 
elect 1 diffraction rhe products in surface 
and subsurface regions were found to be 
substantially identical 


Further Studies On the Metallurgy of Silicon 
Iron: Some Observations on Selective Oxidation. 


AUGUST, 1959 


ABSTRACTS 


A. V. Seybolt and E. I. Alessandrini Tra 
Vet. AU.M_E., 1958, 212, Aug., 507-509 An 
investigation to identify the oxide films formed 
niron ¢ it ning dq Si it low O, potent iis, 
and to examine the H.O/H, ratios required t 


torm them 1s reported 
Method of Determination of Suene® = 
Oxide Films. \V.N \ Zavod 


1958, (10), 1245-46 Se at »f formation 
ft oxide films on the flat surface of contact of 
two cylindrical specimens is described limes 
of heating of specimer varied from 100 to 
500 h; temperature were within the limits 
300-8007 ¢ FeQ, Fe 0 and Fe O, films 
were tested crystalline tructures of the 
films are given lensile stresses needed for 
eparating metallic specimens onnected by 
filr varied fr 0-04 for FeO ti } I 


Fe = | m2 
Accelerated High Temperature Oxidation 
due to Vanadium Pentoxide. K. Sach 
Vetallurgia, 1958, 57, Mar., 123-137; Apr., 
167-173; May, 224-232 Corrosion of gas 





vanadium 1s invest Laborato 
ir i rit i I iu nit Stee ima 
terials id also o1 ther rr const 
tuent it m ha i tack Is¢ it i 
nd pris r and s¢ nda; tl ts evalu 
ited \ number of tests with water injection 
and the idition of various constituents t i 
synthetic ash are then reported and the pr nt 
p tion of the problem is stated 41 re 


Open Air and Lab« ratory Investigations of 
the Resistance of Steel Products to Atmospheric 


Corrosion. L. Jassowicz Prace Inst. Hutr 

1958, 10, (4), 226-236 rials over 3 years at 

10 outside sites with various environments, 

one in a mine, and sait-box and hur iSO) 
t t sir tr 1 t r 

1 ted Cort with 0-12°,C, 0-4 

M 0-588. Si, O- 18° P, O- 0219S. O-888LCr 

0-12°,Ni and 0-2 Cu pr i th t 
stant 


"The Stress-Corrosion Cracking of Austenitic 
oe Steels in Aqueous Chloride — 
P. Hoar and J. G. Hines (Ne tal 
ih Lab., Council fs and In | ~ » 
1958, 414 124 
ls in hot MgCl, solutions are reported 
After a period of induction a period of rapid 
crack propagation sets in Increased stress 
or temperature shorten the induction period 
as does cold-work, but it 1 lengthened 
by cathodic protection A theory is advanced 
of selective anodic dissolution Effect of 
Low Alloy Additions on Corrosion of Steel in 
Different Atmospheres. K. P. Mukherje 
\ K Lahiri and ‘I Banerjee $25-—-432 
Studies on industrial and marine 
atmospheres are reported showing the effect 
of Cu, Cr, Ni, Al, and other elements 
Stress-Corrosion Cracking of Austenitic 
Stainless Steels with Applied E.M.F. J. G 
ra and i P. Hoar J. Appl. Chem., 
1958, ° Ni , 164-776 18-8 Stee 


Studies ot 


]18—WS ster 


v | 
ay t 


steels in 


is in the 





form of wire were tested in air-saturated 
42 Mot 1, solution at 150-154 Mild catho 
die polarization delayed cracking After 
erackl has started, cathodic polarization 
retards it, and above a i ial halts 
it Lhe method n i mY 1 in practice 


Four Case Histories of Satergrenaiae Cor- 
rosion of Austenitic Stainless Steel in Petro- 


leum Refineries. J. K. Cunningham Cor 
rosion, 1958, 14, Dec. 12] Furna tubes 
in a cracker, pipelines in a fixed bec ital vtic 
reitorming init, iinings in pres r ‘ sels 
handling H,PO, and a _ vessel containing 
organic acids are nsidered 


Stress Corrosion Cracking of Austenitic 
a. at Elevated Temperatures and Pressures. 





» Sidorov and A. \ Ryabchen! 
ee Obra Vet., 1958 6 25-32 
Three steels for boiler tubes and superheaters 
were tested in a de e using tl I 1 as 
its own autoclave Tests in Na olutior 
and in pure condensate n presence of O 
were carned out and a critical concentration 
of the solution was found for austenitic steel 
varving with temperatur and pressure 


NaCl inhibits corrosion and tim 


related to absolute 


Addition of 
to-failur is exponentially 
temperature Relief of internal stresses 1 
prevent corrosion. 


JOURNAL OF THE IRON AND STEEL 


Failure of Type = Stainless es Autoc ane 


Components. J Hug 

Corr 1958, 14, Ly HSt-5d6t F t- 
ting { 316 steel in a Monel 1 gallon unstirred 
1utoc é inexpected failed r 
r ion Chloride p ~ i I i th 4 
and = failure vas b residua tre 5 
degr f i-worl re gf mpot ts 
t t nh WwW ind ated 


Chloride Stress Corrosion Cracking of 
Austenitic Stainless Steel: Effects of Tempera- 
ture and pH. L. R. Scharfstein and W. I 


Brind rrosion, 1958, 14, Dec., 58st 
5O2t Overstressed U-bend f 304 and 
347 staink teela were exposed to chloride 
solutions at 165-200° F at pH 6-°5-7-5 and 
10-6-11-2. It concluded that specific 
naitions tr tbe pr ent lor crackin these 
teels ft ir . 

The Mechanism of Cavitation. |! G 
Richardsor Wear, 1958, 2, Nov., 97-106 
Th mt and { gas l ting 
in hlhquid ired It 1 h that 
th 1 } ! t rt 
' ' | re le t } the sory 
t i and tl listinetion betw 
ry und va rn I t 


Propeller Saseiin pers Cavitation Erosion: 


Its Prevention by Cathodic Protection. M. G 

Duff. (Corr Techn., 1958, 5, Aug., 260 
I thor dea t i 

prote ist I pr ! 

steel th ist n | le nd 

ood \ th br prope I 

1 rh I 8 

i i th tl r t 


uowh 


Avoid cavit tion Damage. W. J. Khein 
D Eng., 1958, 48, Sept., 


102-106 ~ ; , > tear s Bheel and 


Cavitation and Nuclei. Kk i Knapy 


S.M.E., 1958, 80, Aug., 1315 
1324 Although liquids have high tensile 
strength cavitation appear ’ oon the 
pre ire droy below the vapour pre ire, 
implying that the tensile trenyth zero 
This is explained t the presence of veak 
spot Phese are investigated and shown to 
be consistent with Harve th ry the 
nucleus The engineering n unce of the 
nuclei is discusse 


Procedure for “Working Out the Heating 
Conditions for Steel on the Basis of Scale 
Thickness, ay Thickness, and Grain Size. 





I. F. Galovne Vetall Obra a 
1), 49-55 \ range of steels was examined 
of which the scaling characteristics were 
Known and iter typical heat-treatment 
processes the scale w dissolved off and the 
inde! ng metal examined Scaling i 
great iffected b tmospher humidity 
and 1 mcrease was found to increas sca liny 
thickness by 1-5-5 This is the explanation 
of the great variations in pre\ isly published 
result \ stainless steel vave a curve against 
humidity with a factor of 70 in sealing rate 
from 30° RH at 5° to 100 it 35, and conse 

r 4 i lor ‘ | r it 
1:8, with a parabolic law lL) ra are 
given and the method « ! t t py 
dict scaling rates 18 explain 

Texture of Iron Scale. XII. Structure 


Variations in the Scale in Atmospheres Forming 





the Highest Oxides one in an Atmosphere 
Forming Wustite. \ Arkhar M. I 
Sir va and M. K. Yut I Vet., 1958 
6, $), 444-449 X-R investigation are 
r ted I 4 ‘ I tul I pecimer 
into t hang t t 
r ati sphere poriun T 
th rmation of tl high i Fe,O 
nd | ) iin @ t r 1 equill 
bri for tl ri Fe) I} red 
tion pr I i led elops 
or th ‘ side i i or I I 4 
fit I ron ions into tl of th 
l me char s oO rrir i ny 

th t tion of tl att higher 
Ox t th t li th lower 
oxid tresse th | laver 
the s i 
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414 
an Al-Fe 


and \ { ; ybolt 


105, 


Selective Oxidation of Al from 
Alloy. 
(J. El 


585 


R. E. Grace 
1958, 


é vith O° dew-po! 
~ An Electrometric Method tor Measuring the 
Thickness of the Air-formed Oxide Film on 
Pure Iron and Mild Steel. P. Ha: and 
J. KE. O. Mayne I. Che ‘ 958, Nov 
4167-4172 The tilm i 
and the thi nes 


ot tr 


was 2-f iu dep 
The Effect of Inhibitors of ‘the "Gorveaion of 
Iron on the Air-formed Film. 4172 


0 : itions of Na benz 


nh sur 
Corrosion Research and its Industrial 
Background. W.H Vern Chem. Ind 
1958, Oct 5 1381 


1380 \ 


c nh 
witl 
Corrosion Trials at Present in Use for the 
Baty of Electro-Cast Refracto1 ry Products 
S Ind., s, 22 

{ PRS 
eer 
apy 

teens e of Nickel on the Electrochemical 
and Corrosion Behaviour of , Heel G. 

M id N. K 
120, 
tl 


itenal 
O: ] aeons Z the Causes of Cx wong from 

the Products of Corrosion. G. Schikorr 

Korr., 1958, 9, Aug.-Sey 55 

S1on 18 


Svropton 


etal Ihe 
thes issed J 
Measurement of ietene Crystalline Corrosion 
by the “* Resonance Frequency” Method. K 
9, Aug.-Sept 


Sm Wer } r., 195 


Amine Nitrites in 


the 
Against Oxidation ’ 
Pp; . ; ; 


Protection of Iron 
Monserrat and } 


rr ad 
Mechani sm of Inhibiting Effect of Hydro- 
fluoric Acid in Fuming Nitric Acid on Liquid- 
Phase Corrosion of Aluminium and Steel 
Alloys. | M. Mason and J. B. Ritten} ’ 
(Corr 1958 14, Jul 
tenac 1 
cast 

The Activation and Inhibition of Corrosion of 
Metals by Metallic Cations. W. R. Bu 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 
H. Le uf rj Corrosion, 1958, 14, 
tects of other metals on 
TTOSLOI yi i lice Other 


meta 


SUSt 
8 are examined 
pairs are i test 

Basic Research into “the Corrosion of Steel 
in Salt Water. (Corr Pechn., 1958, 5, Sept., 
295-296 Ar itlin of work recently cor 


Natior Bure 


obtains tandard 


w hat Y ou vate Do to Reduce Stress Corrosion. 
I Poss. (Chem. Eng. 1958, 65, 
an tas 144). The artic 

Corrosion and Passivity. 
1958, 9, Aug 


“Corrosion- Protection. 


; 
o 


on 


a Water “Treatment. 
195 


Corrosion 


ms, and cold 
Wa ter Treatment for Domestic 
Supplies. ‘ I 
1958, 5, July, 20-22 rhe 
( t ¢ nT se rT 


water 


Hot- Water 


d shows 
I — — minimise 
1eposit mn na corrosior w 
The Role of Corrosion Inhibitors in Water 
Treatment. | atfield Vet 
ir , dos, t., 420-430 sottening proce 
r exchange 
and the ef 


amic inhibitors 


Stre 


are riped 
Theory ew ‘Seetee of Boiler Water Treat- 
ment as a Means S anand’ Corrosion and 
Scale. by. Qua r ’ 
5, « : 


, 1958, 


Magnetic Seeatmant of Liquids | for Seale and 
Corr osion Prevention. I. Vermeirer 


18, 


ulating the liquid to be 
two annular gaps between the 


powerful m 


ot circ 


where the air-g 3 allest 
strongest The author analy 
ma a es the 
e.g. increased pH), of the 
Cathodic Protection of Radiant 
asson. 


I E ° 
Heating 


In 


"Ceo ot Magnesium Anodes | to Protect Steel 
Mains. H. C. B r 
s07t Ir 
replaced n part | 
New Corrosion er = Laberak ory. 
l a 
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120 tons of steel an hour 


lling temperature 


raised to r« 
under the control of 
Honeywell instruments at 
the new Brinsworth mill of 
Steel Peech and Tozer Ltd 
The system ensures de 
temperature distributi 


with maximum fuel econ 


8,700 gallons of petroleum an hour 
processed under Honeywell control at 
the British Petroleum Company’s new 
thermal reforming plant on the 

Isle of Grain. Honeywell instruments 
ensure accurate fractionation and 
good high-octane yields. 


In steel... petroleum ...and every major industry, automatic 
controls by Honeywell are now built in to new large-scale 
processing plant. Comprehensive systems—composed of miniature 01 
conventional instruments—are engineered and supplied as 
completely piped and wired panels ready for installation. 
When in action, each control system—designed and built for the plant 
from interlocking standard Honeywell units 
WRITE OR SEND THE COUPON TODAY f inf , ; ve 
oc Gaaimell Seateate 448, dite Haak ten, Gente, maintains a complex of process conditions 
Middl Telephone: Waxlow 2333 at a stable opt m as accurately as a single str nt 
I am interested in the application of instruments to leans pLlmum a6 accurately as & sing/e Instrumen 
for one variable. 





Please send: Information 
Address of nearest Branch Office 


Honeywell 
as | H Fiat we Control 


initial and periodic service, arranged from 
ces in the U.K. 
cipal cities throughout the worid. 
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fF 
SOLVE YOUR 
DUST & SMOKE 
PROBLEMS 
WITH 


INTENSIV FILTER 
_ EQUIPMENT 


especially designed for the Iron & Steel Industry 


Large filtering plant with 2400 m2 filtering area in 64 
filter compartments, for cleaning brown iron oxide fumes 
emitted from a pre-refining plant dealing with 4 ladles of 
50 tons capacity each. 


The range of equipments available in Great Britain are as follows : 
INTENSIV Bag Filter 
INTENSIV Cyclons 
INTENSIV Chamber Dedusting 
INTENSIV Coolers 
INTENSIV Fans 
INTENSIV Filtering Bags 


INTENSIV. FILTER GMBH LANGENBERG Rhi’d 


Officially appointed representative in Great Britain 


L. E. CROOKS 


119 MOORGATE, LONDON, €E.C.2. 





Refractories 


for the 
Tron and Steel Industry 





Pearson consistent quality refractories 

are available in standard brick sizes ina 

wide range of materials. Special shapes of 
all cypes also made to order 

end for full technical information and 


prices 








FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE 

BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON- 

CRETE. PLASTICJOINTINGANDPROTECTIVE CEMENTS, 
REFRACTORY CONCRETE AND RAMMING COMPOUNDS. 


E. J. & J. PEARSON LIMITED 
FIREBRICK WORKS, STOURBRIDGE 


Tclephons: Brierley Hill 7720! 
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Makers of Precision Ground 
Bars in many qualities of Carbon 
and Alloy steels to tolerances 


varying from .00025" to .001 





, as specified. Centreless 


Turned and Cold Drawn Bars 


are also supplied, the former 





to limits .004° and the latter 
to limits — .002°. 























a 


ENGLISH STEEL ROLLING MILLS CORPORATION 
River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Ltd. 
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Don’t get overheated about heat retention . . . Superlite Vermiculite 
has put an end to all that —-Vermiculite is used in America for maintaining 
temperature of steel ingots in transit . . . and on the Continent, ingots transported in 
y rail wagons lined with Vermiculite during 16 hours of travel only fell from 

900° C. to 700° C. You too can prove its value in your heat problems — specify 


j Superlite Vermiculite for your insulating problems — Cheap, easy to handle, 
i light-in-weight . . . 
]; Make further enquiries today, we're ready to help you. 


j VT TT WT Yi J 
YYW YY Ws 


SUPERLITE __ - 
| “ vVERMICULITE” “* “ % 


YY 
Yy SUPERLITE BUILDING MATERIALS LTD., West Carr Lane, Stoneferry, Hull. Tel. 42724 


YI yyy 















Special Report 
No. 66 








Sixth Report of the 


Corrosion Committee 


rhe corrosion of iron and steel costs industry millions of pounds every 
year, and research on the best ways of saving this money is of the 
highest importance. The Sixth Report of the Corrosion Committee, 
which was founded in 1928, has recently appeared as No. 66 in the 
Institute’s Special Report series; it contains an account of the researches 
carried out during the past twenty years. 

The Report covers the corrosion of iron and steel in air, in soil, and in 
water; it details the results of numerous experiments and recommends 
methods of protection against the many different forms of corrosion, 
Reports of tests carried out to ascertain the corrosion rates of different 
kinds of bare irons and steels all over the world, and of steels protected 
with paint and/or metal coatings, are given. 

Two other interesting researches described in the Report concern the 
corrosion and protection of steel at elevated temperatures up to 350°C, 
and marine corrosion. As a result of the latter, several reliable anti- 
corrosive compositions have been formulated, some of which are in use 
on H.M. ships and the ‘‘ Queens ”’. 

The Report, which consists of 228 octavo pages, illustrated with 20 line 
and 21 half-tone figures, and bound in cloth with stiff board covers, 
costs £3 3s. od. (postage 1s. od.), and may be obtained from: 


The Secretary, The Iron and Steel Institute, 
4 Grosvenor Gardens, London S.W.1. 
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Mathematical Juggling ? 


Quarts out of Pint Pots? 


call it anything you please, but it’s quite a sound proposition 
when you apply it to furnaces and furnace operation. Here are 
some of the facts. With cheaper oxygen, liquid fuels, improved 
furnace design, the new type basic, silica and high alumina 
refractories, furnaces now produce at faster rates. So much so, 
that THREE furnaces now produce the output of FOUR furnaces 
ten years ago. Having made our point, may we remind users of 
refractories everywhere, that the comprehensive research, 
development, service and vast manufacturing facilities of the 
GR organisation are fully geared to the requirements of modern 
steelmaking, providing new and interesting opportunities to 
plan ahead for still greater and more efficient production. 


Everything in Furnace Linings 


GENERAL REFRACTORIES LIMITED GENEFAX HOUSE SHEFFIELD 10 SHEFFIELD 31113 
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Gfluent dipooal 


WITH THE KESTNER PATENT CONTINUOUS NEUTRALISER 
If you are concerned with an effluent disposal problem, the 
Kestner Patent Continuous Neutraliser, as illustrated, provides 
one of the simplist and most compact methods of continuous 
effluent neutralisation. The neutraliser can be fitted with a 
dry chemical feeder to give accurate Neutralisation media 
control. Provision can also be made for continuous 
recording of the pH of the liquor after neutralisation or 

for continuous pH control. 













All the plant in contact with the effluent is in 
corrosion resistant constructional matertals suitabl. 
for the chemical duty 


Kestner plant also includes: 
STRIP PICKLING PLANT * WIRE SHEET AND TUBE 
PICKLING PLANT COPPER RECOVERY PLANT 
ACID RECOVERY PLANT +» STORAGE TANKS 
NEUTRALISATION PLANT + FUME EXTRACTION PLANT 


| OEY A a 


For further particulars write to: 
KESTNER EVAPORATOR & ENGINEERING CO. LTD., 
§ GROSVENOR GARDENS, LONDON, S.W.1 THE CHEMICAL ENGINEERS 

















GREENS ECONOMISERS 


with 
ECONOMIC BOILERS 
at 1.C.1. SLOUGH 


The Paints Division of Imperial Chemical In- 
dustries Limited of Slough operates an outdoor 
boiler plant, consisting of five John Thompson 
Economic boilers, four of 13,000 Ib. /hr. each and 
one of 7,000 Ib. hr. oil-fired, designed working 
pressure 120 p.s.i. Mounted above each boiler is 


a Green’s Premier Diamond Type 25 Economiser. 


E. GREEN & SON LTD. 





WAKEFIELD 2 
Makers of economisers for more than one hundred years aoe 
Satoh >a . ntti sh 
GE.203 
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IRON OXIDE = /on 
FUME Scarfing Plants 


REMOVAL Desiliconising Processes 
Open Hearth Furnaces 


Steel Converters 
by 


HOLMES-ELEX 


ELECTRICAL 


PRECIPITATORS 


A Holmes-Elex Electrical Precip- 
itator installed at the Corby 
Works of Messrs. Stewarts & 
Lloyds Ltd., for the purpose of 
cleaning exhaust air from the 
collecting hood enclosing the 
Scarfing Plant. The fine particles 
associated with iron oxide fume, 
and which are responsible for 
the dense brown colour are 
removed resulting in no visible 
stack emission. 


W. C. Bate) S| = & CO. LTD. 


Gas Cleaning Division, 
Turnbridge, Huddersfield 


TECHNICAL ASSOCIATES: 
CUES C TEE WOODALL-DUCKHAM (AUSTRALASIA) PTY. LTD., 340 SPENCER STREET, MELBOURNE, C1 
Hat UR §=APPARATEBAU ROTHEMUHLE, Dr. BRANDT & CO., ROTHEMUHLE, UBER OLPE 1. WESTF. 
Sia a.m =INDUSTRIKEMISKA AKTIEBOLAGET, STOCKHOLM 

SS iheaa ie Ulime ELEX AG., POSTFACH, ZURICH 32 

TUT mtiaame BRANDT ENGINEERING (PTY.) LTD. P.O. BOX 4901, 
Sait 6801 SANLAM BUILDING, JOHANNESBURG 

ieee §=KOPPERS COMPANY INC., METAL PRODUCTS DIVISION, BALTIMORE 3, MD. 


A297-1 
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DURING an investigation into the causes of ingot surface defects 

and their influence on the product, the Ingot Surface Defects 

Sub-committee of the British Iron and Steel Research Association 

became aware that there was a lack of uniformity in the names 

applied to the defects under review. To reduce the confusion of 

terms and promote a better understanding of the nature and causes of 

such defects, the Sub-committee selected those most commonly 

encountered and assigned to them the most apt term. 

The first edition of this survey appeared in 1951 as No. 44 in 

The Iron and Steel Institute’s Special Report Series, and was quickly 
Surface Defects sold out. In view of the many requests for copies of what is now 

a standard work of reference, it was decided to issue a second edition, 

with some important additional material. 

Through the courtesy of Richard Thomas and Baldwins Ltd., 

The Steel Company of Wales Ltd., and John Summers and Sons Ltd., 

in Ingots and the Sub-committee has been able to include an addendum devoted to 

surface defects in steel strip products. 

The second edition is now available as Special Report No. 63; 

it consists of 62 quarto pages, illustrated with 134 excellent photographs 

of surface defects, and bound in cloth with stiff board covers. 

The Report costs £1 5s. Od. (15s. Od. to Members), and may be 


Their Products obtained on application to 


The Secretary 
The Iron and Steel Institute 4 Grosvenor Gardens London SW1 











The Determination of Nitrogen = = 
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Great interest has always been shown in the role of nitrogen in determining ; a \ a, 
7 Z { in : \ 
the properties of ferrous alloys. Reliable and accurate methods are therefore f i yy 
necessary for determining the content of this element in alloys. ; 


[he establishment of the reproducibility and accuracy of analytical methods 
to serve as routine or reference procedures for the many alloys now produced 
is a major undertaking. It was for this reason that the Nitrogen Group of 
the Steelmaking Division of the British Iron and Steel Research Association 
was set up eight years ago. The Report of the Group has now been published 
as No. 62 in The Iron and Steel Institute’s Special Report Series. The T.S TI. 
information it contains will be of inestimable value to all those interested in 
this subject. . oi / : 
The Report, which comprises 160 quarto pages and a number of illustrations, S P ecla R Cp ort 
is bound in cloth with stiff covers, and costs £1 17s. 6d. (Members £1 5s. Od.). 


It may be obtained from:— No. 62 
The Secretary, 
The Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W.1. 
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OPERATION 
MAINTENANCE 
DEPRECIATION 


COR-TEN CUTS THE COST 


Mine cars made from SCW Cor-Ten (Photograph by courtesy of the National Coal Board) 


Where advantage can be taken of its high yield strength Please write to us at the address below for further 

and corrosion resistance, SCW Cor-Ten can always effect a information or for technical assistance in the 

substantial cost saving application of SCW Cor-Ten to your products 
Whatever the application (and the range continues to 


grow) SCW Cor-Ten is able to offer an unchallengeable SOW BRAND 
combination of economy and efficiency. 


COR-TEN SAVES MONEY = 
@ Initial costs are spread over a longer service life 


@ Maintenance costs are reduced 


; : . . RAILWAY ROLLING STOC 
@ Operating costs are lowered—in transport applications , a eee — 


ds bi f . . ; h AGRICULTURAL & EARTH-MOVING EQUIPMENT 
payloads are bigger because of reduction in tare weight MINE CARS - POWER STATION INSTALLATIONS 


BARGES AND SMALL CRAFT 


THE SUE COMPANY OF WALES 1, 0OV0CCED 


ABBEY WORKS, PORT TALBOT, GLAMORGAN TELEPHONE: PORT TALBOT 3161 


Vy \> 
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TWIN 5 cwt GAPACITY SPEE. OIVAG \ACUUM FURNACES 


Trade Mark 


MELTING - CASTING 
— ANNEALING - BRAZING 
SINTERING - DEGASSING 


Whatever the material—steel, 
copper, magnetic alloys, re- 
active metals, rare metals 
vacuum melting can, unlike 
other processes, guarantee a 
consistent high quality product 
so that little or no rejection 
is necessary. Suitable vacuum 
processes can also be employed 
for the production of good 
quality components from 100”, 
scrap. 





Twin 5 ewt. capacity “Speedi- 
vac” high vacuum furnace 


working from one central H.F, 





supply. Apart from normal 
melting and casting {facilities 
each furnace chamber contains 
an externally operated turn- 
table for multiple ingot casting 


and charger buckets for alloy 


@arreseerre* 


additions. The specially de- 


signed vacuum pumping system 


— 
a 


includes booster vapour pumps 


with a peak speed of 4,500 





litres of air per second, thus , 
Powerful vacuum pumping sys- 


tems, including rotary, diffusion 
and booster pumps, are fitted 
(Photograph by courtesy of The to ““Speedivac”’ vacuum furn- 
Telegraph Construction & Mainten- aces from the small 4 lb. (227 g) 
ance Co. Ltd.) : 

to the largest production 
furnaces. 


enabling processes to be carried 


out in the micron range. 











EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley /500 
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.... destined to be, and deserves to be, a best seller” 


Refractories Journal 


The New Entirely Revised Edition of 


 ~Steelplant 
sili | Refractories 
ae by 


' eZ : J. HW. Chesters 








Transactions of The British Ceramic Society: Blast Furnace and Steel Plant 
.. No greater tribute could be paid to Dr. C hesters This second edition should find ite way into every 
than to say that he has not only arranged his steelplant and into the hands of all who produce, 
material in an orderly and logical sequence but has test, study or use steelplant refractories. The 
presented it with enthusiasm and imagination author is uniquely qualified to write on this subject 
.. refractory problems become an exciting cball- for an international] readership . Perhaps the 
enge which cannot fail to appeal to the reader . . best way of giving ap over all idea of its nature is 
to predict that most readers will find it so full of 
Engineering ideas that, like this reviewer, they will make a 
.. The information available on every one of its series of memos beginning: ‘Let us try this out...’ 
728 pages offers experience, which no engineer or 
chemist could hope to gain in a lifetime of practical 
chesvetics... ’ PRICE £4 Sterling $12 U.S.A. or Canada. 
728 Pages 
274 Miustrations Post Free 


The Publications Department - The United Steel Companies Limited - 17, Westbourne Road, Sheffield, 10 
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GRIFFIN BRAND 


STEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 


have the largest general Galvanizing 
Plant in Great Britain. 


* We make the widest Steel Sheets and 


Metal Spraying by the most up-to-date 
methods done in our works or ‘‘in situ’’. 


Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 


179 WEST GEORGE STREET, 
GLASGOW, C.2 
Tel. : CENtral 0442 'Grams: CIVILITY, Glasgow 
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THE VERSATILE ‘‘ALLCASE’’ FURNACE 


Processes— 
With an operating temperature range of 
1,400° to 1,750°F., the following controlled 
atmosphere processes can be carried out. 
Gas Carburizing. 

. Hot Oil or Marquenching. 

. Clean Hardening. 

. Dry Cyaniding or Carbonitriding. 


- 

2 

3 

4 

5. Carbon Restoration. 
6. Homogeneous Carburizing. 
7 


. Clean Annealing. 


The two “ Allcase’’ furnaces 


illustrated are at the works of a leading 
motor manufacturer, and are used for 
carburising and carbonitriding steering and 


other parts, requiring various case 








compositions and depths. The hearth area of 
each furnace is 3’ 0” x 2’ 0” with I’ 6” 
permissible depth of charge, and is 
designed to accommodate gross charge 
weights varying from 900 Ibs. at 750°C. 


British Furnaces Limited - Chesterfield — % sooiv. «ssc 


ASSOCIATED WITH SURFACE COMBUSTION 
CORPORATION, TOLEDO, U.S.A. 








My Zz " Structural Steelwork | 

~~ (x . Colliery Arches | 
w~ "4 Forging Blooms 
“ a 7 Sections 


Joists 
Slabs 











| * 

| Works and | 
Head Office :— C 
FLEMINGTON \ 0 ‘\ | 
MOTHERWELL es NO 

May 

| Phone: - Motherwell 347 *. 4 * 

| . ~ ; 
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GUEST KEEN& 4IRON&STEELF 
4 COMPANY > 


GUEST 
KEEN 


IRON & STEEL COMPANY LIMITED, 


cast moors, GARDIFF. 


TELEPHONE: CARDIFF 3315! 
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Ilustration shows a SHEPPARD 240-Mould Double Strand Pig nwethe SHEPPARD 
Casting machine installation supplied to The Goldendale Iron 

Co. Ltd., Tunstall, Stoke-on-Trent , 

Full details are available of other SHEPPARD Ingot and Pig Wtachenn 
Casting Machines for producing ingots in Aluminium - Brass - d 

Bronze & Gunmetal - Copper - Lead - Zinc and Iron Fu 7 Cling 


SHEPPARD & SONS LIMITED - BRIDGEND + GLAMORGAN 
Te A SUBSIDIARY OF HAYES INDUSTRIES (WALES) LTD. Grome 
BRIDGEND 1700 (5 lines) LONDON OFFICE : 153 GEORGE ST. W.1 - Tel: PADDINGTON 4239 SHEPPARD, BRIDGENI 
Representatives in South Wales & Monmouthshire for - G.W.B. ELECTRIC MELTING AND RESISTANCE FURNACES AND ELECTRIC CONTROL GEAR 
BRONX ENGINEERING LTD - PLATE BENDING ROLLS & PRESS BRAKES 











COMPLETED LININGS TO 





57 BLAST FURNACES 


112 HOT BLAST STOVES 


58 STEEL MELTING 
FURNACES 











BRICKS LAID YEARLY — I2 MILLION 
STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 


REFRACTORY CONTRACTORS 


137, SOUTHFIELD ROAD MIDDLESBROUGH. 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
“SETTING SILICA BRICK 


STIGNIC CEMENT FOR BASIC 


STEEL LADLES 
KILN CAPACITY OVER 


lt MILLION BRICKS 


a 
SPECIAL FIRE CEMENTS for all 
purposes 

e 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams:—STEPHENS, KIDWELLY, Codes:—ABC 4th & 5th Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. | 
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ORE HANDLING OVERSEAS 


Other overseas contracts include : 


Two ore unloaders, each with I5 ton capacity 
grabs, with a combined handling capacity of 
3,000 tons per hour. 

One ore bridge, 560 ft. long, with 18 ton 


capacity grabs capable of handling |,500 tons 
per hour. 


Two ore unloaders, at a large steelworks in Argentina, equipped with 
q p 124 ton capacity grabs jointly handling 2,200 tons of ore per hour. 


ASHMORE, BENSON, PEASE & COMPANY 
MemMBER OF THE POWER-GAS GROUP 
(In association with McKiernan-Terry Corpn. (Mead-Morrison Divn.) U.S.A.) 


STOCKTON-ON-TEES AND LONDON 


384 AUSTRALIA CANADA FRANCE 


{ugust, 1YSY Inside back cover 








LAMBERTON 


ROLLER STRAIGHTENING 
MAGHINES 























Phe §3 inch roller 
traightening machine 


illustrated handles joists ’ 
up to 24in 7tin., ‘ee 
gin gin, angles and 

rails up to 130lb. 


per yard. 
— —_— — — 


[his 26 inch roller 
traightening machine 

is provided with driven 
vertical guide rollers. 
All-roller bearing 
pindles are used and the 
frame is of heavy welded 
steel construction. Its 
capacity 1s 131n sin. 
joists and 4olb. per 


yard rails. 





kor Straightening 
JOISTS - ANGLES 
CHANNELS: RAILS 


a a | LAMBERTON & CO. LTD. 
heavy duty Hot Saws and Sh ar f all Rind COATBRIDGE 
SCOTLAND 





lutside back cover 











